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Abstract  
Evaluation of the Nutritive Value of 
Cowpea Vigna unguiculata Seeds in Poultry Feeding 
 
Nasra Gumaa Baleil 
Ph.D. 
 
Cowpea seeds were analyzed for chemical composition and amino acids 
profile. The protein content was 29.18% and the calculated metabolizable 
energy was 2079 kcal/kg. Amino acids profile of seeds was 1.59% lysine, 
0.32% methionine, 0.58% cystine + methionine 1.67% arginine and 1.85% 
lucine. Tannin and antitrypsin inhibitor content of seeds was 0.42 and 0.74 
(mg/g), respectively. Two experiments were conduced to evaluate the effect of 
dietary cowpea seeds on broilers chick grower. In the first experiment 240 day-
old unsexed broiler chicks of the commercial strain Ross were fed isocaloric 
and isonitrogenous diets with different levels of raw cowpea seed (0, 5, 10 and 
15%). The results indicated that feed intake, weight gain, protein efficiency 
ratio, plasma constituent (Ca, Na, K, total protein, albumin, globulin, 
cholesterol and glucose) were significantly  depressed upon the inclusion of 
15% raw cowpea seeds in the diet while uric acid was significantly increased. 
However, (FC), total lipids and (IP) were not significantly affected by dietary 
treatments. Carcass weights were significantly decreased as the level of raw 
cowpea seeds increased. In the second experiment raw cowpea seeds were 
subjected to decortication, roasting or supplementation with 0.25 multi-
enzymes at 15% level. 240 day old broiler chicks Ross were used. The results 
of feed intake, body weight gain, protein intake, (PER) and some plasma 
constituents (total protein, albumin, globulin and calcium) were significantly 
increased when cowpea seeds were supplemented with enzymes. FC and other 
plasma constituents (cholesterol, glucose, total lipids, Na, K and IP) were not 
 xvi
significantly affected by dietary treatments. Carcass weights were significantly 
increased when the seeds were supplemented by enzymes. Two layer 
experiments were conducted to evaluate the effect of feeding cowpea seeds on 
layers performance. In the first experiment, 72 of 30 weeks old Hisex laying 
hens were fed raw cowpea seeds with different levels (0, 5, 10 and 15%). The 
results indicated that feed intake and hen-day egg production were 
significantly depressed at 15% level. Egg weight was not significantly affected 
by dietary treatments. FC and loss in body weight were significantly increased 
at the 15% level. External quality characteristics were significantly decreased 
when the level of raw cowpea seed increased except egg shape index. Internal 
quality characteristics (albumin weight, albumin %, yolk index) were 
significantly affected by dietary treatments. Plasma albumin and plasma 
cholesterol were the only parameters significantly decreased at the 15% level. 
In the second experiment cowpea seeds were subjected to decortication, 
roasting or supplemented with multi-enzyme, 72 laying hen of Hisex strain 30 
weeks old were used. The results indicated that feed intake, FC, egg 
production, egg weight, change in body weight, internal and external egg 
quality characteristics, and egg chemical composition were significantly 
improved when cowpea seeds were subjected to decortication, heating or 
enzymes supplementation. Plasma glucose and cholesterol were not 
significantly affected by dietary treatments while other plasma constituents 
were significantly increased when seeds were supplemented with enzymes.  
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ﺃﺠﺭﻴﺕ ﺘﺠﺭﺒﺘﻴﻥ ﻟﺘﻘﻴﻴﻡ ﺘﺄﺜﻴﺭ ﺍﺴﺘﺨﺩﺍﻡ ﺒﺫﻭﺭ ﺍﻟﻠﻭﺒﻴﺎ ﺍﻻﺒﻴﺽ ﻋﻠـﻰ .  ﻤﻠﺠﺭﺍﻡ ﺘﺭﺒﺴﻴﻥ 47.0ﺘﺎﻨﻴﻥ 
 ﻜﺘﻜﻭﺕ ﻻﺤﻡ ﻋﻤﺭ ﻴﻭﻡ ﻭﺍﺤـﺩ ﻏﻴـﺭ 042 ﺍﻟﺘﺠﺭﺒﺔ ﺍﻷﻭﻟﻰ ﺘﻡ ﺇﺴﺘﺨﺩﺍﻡ ﺍﺩﺍﺀ ﺍﻟﺩﺠﺎﺝ ﺍﻟﻼﺤﻡ ﻓﻲ 
ﻤﺠﻨﺴﺔ ﻤﻥ ﺴﻼﻟﺔ ﺍﻟﺭﻭﺱ ﺤﻴﺙ ﻏﺫﻴﺕ ﻋﻠﻰ ﺃﻋﻼﻑ ﻤﺘﺴﺎﻭﻴﺔ ﻓﻲ ﻤﺤﺘﻭﺍﻫﺎ ﻤﻥ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻭﺍﻟﻁﺎﻗﺔ 
ﻭﻗﺩ ﺃﻅﻬﺭﺕ %( 51، 01، 5، 0) ﻭﻤﺤﺘﻭﻴﺔ ﻋﻠﻰ ﻨﺴﺏ ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺒﺫﻭﺭ ﺍﻟﻠﻭﺒﻴﺎ ﺍﻷﺒﻴﺽ ﺍﻟﺨﺎﻡ 
ﺓ ﻓﻲ ﺍﻟﻭﺯﻥ، ﺍﻟﻜﻔﺎﺀﺓ ﺍﻟﺘﺤﻭﻴﻠﻴﺔ ﻟﻠﺒـﺭﻭﺘﻴﻥ، ﻤﻜﻭﻨـﺎﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻥ ﻤﻌﺩل ﺍﺴﺘﻬﻼﻙ  ﺍﻟﻌﻠﻑ ، ﺍﻟﺯﻴﺎﺩ 
ﺍﻟﻜﺎﻟﺴﻴﻭﻡ ،  ﺍﻟﺼﻭﺩﻴﻭﻡ، ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ، ﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﻜﻠـﻲ، ﺍﻷﻟﺒﻴـﻭﻤﻴﻥ، ﻗﻠﻭﺒـﻭﻟﻴﻥ، )ﺒﻼﺯﻤﺎ ﺍﻟﺩﻡ 
ﻗﺩ ﺇﻨﺨﻔﻀﺕ ﻤﻌﻨﻭﻴﺎﺹ ﻤﻊ ﺯﻴﺎﺩﺓ ﻤﺴﺘﻭﻯ ﺒﺫﻭﺭ ﺍﻟﻠﻭﺒﻴﺎ ﺍﻷﺒـﻴﺽ ﻓـﻲ ( ﺍﻟﻜﻠﺴﺘﺭﻭل ﻭﺍﻟﺠﻠﻭﻜﻭﺯ 
ﺃﻤﺎ ﺍﻟﻜﻔﺎﺀﺓ ﺍﻟﺘﺤﻴﻭﻴﻠﻴﺔ ﻟﻠﻐﺫﺍﺀ . ﺩﺓ ﻤﻌﻨﻭﻴﺔ ﺒﻴﻨﻤﺎ ﺇﺯﺩﺍﺩﺕ ﻨﺴﺒﺔ ﺤﺎﻤﺽ ﺍﻟﻴﻭﺭﻴﻙ ﺯﻴﺎ %( 51)ﺍﻟﻌﻠﻑ 
ﺍﻟﻠﺒﻴﺩﺍﺕ ﺍﻟﻜﻠﻴﺔ ﻭﺍﻟﻔﺴﻔﻭﺭ ﺍﻟﻌﻀﻭﻱ ﻓﻠﻡ ﺘﺘﺄﺜﺭ ﻤﻌﻨﻭﻴﺎﹰ، ﺒﺎﻟﻤﻌﺎﻤﻼﺕ ﺍﻟﻐﺫﺍﺌﻴﺔ، ﻓﻴﻤﺎ ﻴﺘﻌﻠﻕ ﺒـﺄﻭﺯﺍﻥ 
ﻓـﻲ ﺍﻟﺘﺠﺭﺒـﺔ . ﺍﻟﺫﺒﺎﺌﺢ ﺘﺄﺜﺭﻥ ﻤﻌﻨﻭﻴﺎﹰ ﺤﻴﺙ ﺇﻨﺨﻔﻀﺕ ﺒﺯﻴﺎﺩﺓ ﻤﺴﺘﻭﻯ ﺍﻟﻠﻭﺒﻴﺎ ﺍﻷﺒﻴﺽ ﻤﻥ ﺍﻟﻌﻠﻑ 
ﻤﺨﺘﻠﻔﺔ ﺘﻤﺜﻠﺕ ﻓﻲ ﺍﻟﺘﻘﺸﻴﺭ، ﺍﻟﺘﺤﻤﻴﺹ، ﺍﻟﺘﻘﺸﻴﺭ ﺍﻟﺜﺎﻨﻴﺔ ﺘﻌﺭﻀﺕ ﺒﺫﻭﺭ ﺍﻟﻠﻭﺒﻴﺎ ﺍﻷﺒﻴﺽ ﻟﻤﻌﺎﻤﻼﺕ 
ﺍﻟﺯﻴﺎﺩﺓ %. 51 ﻤﻥ ﺍﻻﻨﺯﻴﻤﺎﺕ ﻭﻤﻥ ﺜﻡ ﺘﻡ ﺍﺩﺨﺎل ﺒﺫﻭﺭ ﺒﻨﺴﺒﺔ 52.0ﻭﺍﻟﺘﺤﻤﻴﺹ ﻤﻌﺎﹰ، ﺘﻡ ﺇﻀﺎﻓﺔ 
ﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﻜﻠﻲ، )ﻭﺯﻥ ﺍﻟﺠﺴﻡ، ﺇﺴﺘﻬﻼﻙ ﺍﻟﺒﺭﻭﺘﻴﻥ، ﺍﻟﻜﻔﺎﺀﺓ ﺍﻟﺘﺤﻭﻴﻠﻴﺔ ﻟﻠﺒﺭﻭﺘﻴﻥ، ﻤﻜﻭﻨﺎﺕ ﺍﻟﺒﻼﺯﻤﺎ 
 ﻤﻌﻨﻭﻴﺎﹰ ﻋﻨﺩ ﺇﻀﺎﻓﺔ ﺍﻹﻨﺯﻴﻤﺎﺕ ﺇﻟـﻰ ﺍﻟﻌﻠـﻑ، ﺃﻤـﺎ ﻗﺩ ﺯﺍﺩﺕ ( ﺍﻷﻟﺒﻴﻭﻤﻴﻥ، ﺍﻟﻘﻠﻭﺒﻭﻟﻴﻥ، ﺍﻟﻜﺎﻟﺴﻴﻭﻡ 
ﺍﻟﻜﻠـﺴﺘﺭﻭل، ﺍﻟﺠﻠﻭﻜـﻭﺯ، ﺍﻟﻠﺒﻴـﺩﺍﺕ ﺍﻟﻜﻠﻴـﺔ، ) ﺍﻟﻜﻔﺎﺀﺓ ﺍﻟﺘﺤﻭﻴﻠﻴﺔ ﻟﻠﻐﺫﺍﺀ ﻭﻤﻜﻭﻨﺎﺕ ﺍﻟﺒﻼﺯﻤـﺎ 
  .ﻓﻠﻡ ﺘﺘﺄﺜﺭ ﻤﻌﻨﻭﻴﺎﹰ، ﺒﺈﻀﺎﻓﺔ ﺍﻷﻨﺯﻴﻤﺎﺕ ﺇﻟﻰ ﺍﻟﻌﻠﻑ( ﺍﻟﺼﻭﺩﻴﻭﻡ، ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ، ﻭﺍﻟﻔﺴﻔﻭﺭ
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ﻭﺒﻴﺎ ﺍﻷﺒﻴﺽ ﻋﻠﻰ ﺃﺩﺍﺌﻬﺎ، ﻓﻲ ﺍﻟﺘﺠﺭﺒﺔ ﺃﺠﺭﻴﺕ ﺘﺠﺭﺒﺘﻴﻥ ﻋﻠﻰ ﺍﻟﺩﺠﺎﺝ ﺍﻟﺒﻴﺎﺽ ﻟﺘﻘﻴﻴﻡ ﺃﺜﺭ ﺒﺫﻭﺭ ﺍﻟﻠ 
 ﺃﺴﺒﻭﻉ ﻭﺍﻟﺘﻲ ﻏﺫﻴﺕ ﻋﻠـﻰ 03 ﺩﺠﺎﺠﺔ ﺒﻴﺎﺽ ﻤﻥ ﺴﻼﻟﺔ ﺍﻟﻬﺎﻴﺴﻜﺱ ﻋﻤﺭ 57ﺍﻷﻭﻟﻰ ﺇﺴﺘﺨﺩﻤﺕ 
ﻤﻥ ﺒﺫﻭﺭ ﺍﻟﻠﻭﺒﻴﺎ ﺍﻷﺒﻴﺽ ﺍﻟﻐﻴﺭ ﻤﻌﺎﻤﻠﺔ ﺃﻅﻬﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ %( 51، 01، 5، 5)ﻋﻠﻑ ﻴﺤﺘﻭﻱ ﻋﻠﻰ 
 ﻨﺴﺒﺔ ﺒﺫﻭﺭ ﺍﻟﻠﻭﺭﺒﻴـﺎ ﺃﻥ ﻤﻌﺩل ﺍﺴﺘﻬﻼﻙ ﺍﻟﻐﺫﺍﺀ ﻭﺇﻨﺘﺎﺝ ﺍﻟﺒﻴﺽ ﺍﻟﻴﻭﻤﻲ ﻗﺩ ﺇﻨﺨﻔﺽ ﻤﻌﻨﻭﻴﺎﹰ ﺒﺯﻴﺎﺩﺓ 
ﺍﻤﺎ ﻭﺯﻥ ﺍﻟﺒﻴﻀﺔ ﻓﻠﻡ ﻴﺘﺄﺜﺭ ﻤﻌﻨﻭﻴﺎﹰ ﺒﺎﻟﻤﻌﺎﻤﻼﺕ ﺍﻟﻐﺫﺍﺌﻴﺔ، ﺒﻴﻨﻤﺎ ﻤﻌﺩﻻﺕ ﺘﺤﻭﻴل ﺍﻟﻐـﺫﺍﺀ . ﺍﻷﺒﻴﺽ
ﺍﻟﺼﻔﺎﺕ ﺍﻟﺨﺎﺭﺠﻴـﺔ % . 51ﻭﺍﻟﻨﻘﺼﺎﻥ ﻓﻲ ﻭﺯﻥ ﺍﻟﺠﺴﻡ ﻓﻘﺩ ﺯﺍﺩﺕ ﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴﺔ ﻋﻨﺩ ﺍﻟﻤﺴﺘﻭﻯ 
ﺃﻤـﺎ .  ﺍﻟﺒﻴﺽ ﻟﻠﺒﻴﻀﺔ ﺇﻨﺨﻔﻀﺕ ﻤﻌﻨﻭﻴﺎﹰ، ﺒﺯﻴﺎﺩﺓ ﻤﺴﺘﻭﻯ ﺍﻟﻠﻭﺒﻴﺎ ﺍﻷﺒﻴﺽ ﻓﻲ ﺍﻟﻌﻠﻑ ﻤﺎ ﻋﺩﺍ ﺸﻜل 
ﻓﻘﺩ ﺘﺄﺜﺭﺕ ﻤﻌﻨﻭﻴﺎﹰ ﻋﻨـﺩ ( ﺍﻻﻟﺒﻴﻭﻤﻴﻥ، ﻨﺴﺒﺔ ﺍﻷﻟﺒﻴﻭﻤﻴﻥ، ﻨﺴﺒﺔ ﺍﻟﺼﻔﺎﺭ) ﺍﻟﺼﻔﺎﺕ ﺍﻟﺩﺍﺨﻠﻴﺔ ﻟﻠﺒﻴﻀﺔ 
ﻓﻲ ﺍﻟﺘﺠﺭﺒﺔ ﺍﻟﺜﺎﻨﻴﺔ ﺘﻌﺭﻀﺕ ﺒﺫﻭﺭ ﺍﻟﻠﻭﺒﻴﺎ ﺍﻷﺒـﻴﺽ ﻟﻠﺘﻘـﺸﻴﺭ . ﺒﺫﻭﺭ ﻟﻭﺒﻴﺎ ﺃﺒﻴﺽ % 51ﺇﻀﺎﻓﺔ 
% . 51 ﻭﺍﻷﻨﺯﻴﻤﺎﺕ ﺍﻟﻤﺭﻜﺒﺔ ، ﺤﻴﺙ ﺃﻀـﻴﻔﺕ ﺍﻟﺒـﺫﻭﺭ ﺒﻤـﺴﺘﻭﻯ 52.0ﻭﺍﻟﺘﺤﻤﻴﺽ ﻭﺇﻀﺎﻓﺔ 
ﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻥ ﻤﻌﺩل ﺍﺴﺘﻬﻼﻙ ﺍﻟﻌﻠﻑ، ﺍﻟﻜﻔﺎﺀﺓ ﺍﻟﺘﺤﻭﻴﻠﻴﺔ ﻟﻠﻐـﺫﺍﺀ ، ﺇﻨﺘـﺎﺝ ﺍﻟﺒـﻴﺽ، ﻭﺯﻥ ﺃﻅﻬ
ﺍﻟﺒﻴﺽ، ﺍﻟﻨﻘﺼﺎﻥ ﻓﻲ ﻭﺯﻥ ﺍﻟﺠﺴﻡ، ﺍﻟﺼﻔﺎﺕ ﺍﻟﺩﺍﺨﻠﻴﺔ ﻭﺍﻟﺨﺎﺭﺠﻴﺔ ﻟﻠﺒﻴﺽ، ﺍﻟﺘﺭﻜﻴـﺏ ﺍﻟﻜﻴﻤﻴـﺎﺌﻲ 
ﻟﻠﺒﻴﻀﺔ ﻗﺩ ﺘﺤﺴﻨﺕ ﻤﻌﻨﻭﻴﺎﹰ ﻋﻨﺩ ﻤﻌﺎﻤﻠﺔ ﺒﺫﻭﺭ ﺍﻟﻠﻭﺒﻴﺎ ﻭﻗﺩ ﻜﺎﻨﺕ ﺃﻓـﻀﻠﻬﺎ ﺍﻟﺘـﻲ ﺃﻀـﻴﻔﺕ ﺇﻟﻴﻬـﺎ 
ﺘﻌﻠﻕ ﺒﺠﻠﻭﻜﻭﺯ ﺍﻟﺒﻼﺯﻤﺎ ﻭﺍﻟﻜﻠﺴﺘﺭﻭل ﻓﺈﻨﻬﺎ ﻟﻡ ﺘﺘﺄﺜﺭ ﻤﻌﻨﻭﻴﺎﹰ ﺒﺎﻟﻤﻌﺎﻤﻼﺕ ﺍﻟﻐﺫﺍﺌﻴﺔ ﻓﻴﻤﺎ ﻴ . ﺍﻷﻨﺯﻴﻤﺎﺕ
  .ﺒﻴﻨﻤﺎ ﺯﺍﺩﺕ ﻤﻜﻭﻨﺎﺕ ﺍﻟﺒﻼﺯﻤﺎ ﺍﻷﺨﺭﻯ ﺯﻴﺎﺩﺓ ﻤﻌﻴﻨﺔ ﻋﻨﺩ ﺇﻀﺎﻓﺔ ﺍﻷﻨﺯﻴﻤﺎﺕ ﺍﻟﻤﺭﻜﺒﺔ ﻟﻠﻌﻠﻑ
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CHAPTER ONE 
INTRODUCTION 
 
 The rapid increase in the world population and acute protein 
shortage particularly in developing countries has necessitated the urgent 
need for a means of increasing food production especially cheap and 
good source of protein. Rich sources of quality protein for the body are 
mainly animal sources such as poultry (Oloyede et al., 2007). 
 The major hindrance however, to commercial poultry production is 
the high cost and unavailability of the standard commercial feeding stuff. 
A need therefore arises for the search into the possible ways of obtaining 
maximum production in poultry with minimum expenditure so that the 
products can be sold at relatively low prices with similar or even better 
nutritional quality than convectional ones.  
 Traditional sources of protein for livestock are predicted to 
become increasingly scare and expensive and are likely to be in short 
supply within approximately ten years (Farrell, 1997). Factors 
contributing to this shortage include competition with human 
requirements, expanding intensive livestock industries and the threat of 
restriction on the usage of animal protein sources.  
 The incorporation of new and indigenous sources of vegetable 
protein in the formulation of diets for feeding birds, contribute to 
achieving a sustainable poultry industry (Lon-Wu and Cino, 2000). 
Avery good class of plants that can be exploited for this purpose are the 
legumes (Oloyde et al., 2007). 
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 The legumes as a group show tremendous potential for production 
of protein for poultry, human and livestock in underdeveloped countries 
(Leon et al., 1993). They comprise an extremely rich and diverse genetic 
source and have especial ability to contribute to sustainable agricultural 
systems (Leeson and Summers, 2001). Many species have been well 
developed, mainly to supply international markets with food grain, and 
new varieties suitable for cultivation in wide range of conditions are 
continually being released.  
 Legumes are very important sources of protein and lipid as well as 
minerals and vitamins required for the proper growth of chicks (Balogun 
and Fetuga, 1986). Although many grain legumes have a rather low 
sulpher amino acid content, this problem is of dwindling concern as the 
cost of adding synthetic methionine to poultry diets is falling (Labarca    
et al., 1999).    
 The presence of anti-nutritional factors such as trypsin and 
chymotrypsin inhibitors in legumes may lower digestibility of legume 
protein (Elegbede, 1998). It is known however that treatment techniques 
like fermintation, roasting, germination and autoclaving can improve 
nutritional quality and bioavailability of nutrients present in legumes. 
Processing techniques are effective ways of achieving desirable changes, 
by removing of un-desirable components and effective utilization of the 
full potential of legumes as feedstuff (Gloria et al., 1985). 
 Referring to tropical un developing areas, the search for 
sustainable alternatives with a view to reducing dependence on agrifood 
under scares a significant number of tropical legume seeds that could 
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shape the protein component of the diets for poultry, these highlights the 
cowpeas (Vigna unguiculata) being easy plant cultivation suited to 
tropical ecosystem, high nutritional value and widely disseminated 
(D'Mello, 1995; Labarca et al., 1999). The literature of Vigna 
unguiculata that might elucidate the physiological response and pattern 
of broilers fed with this legume is very limited and much of this 
information dose not indicate a level of inclusion dietary adjusted to their 
possible use in making allowances for conventional broilers.  
 The objectives of this study were: 
1. To evaluate the effect of including different dietary levels of raw 
grain meal cowpea (Vigna unguiculata) on productive parameters, 
status of some serum parameters and relative weights of the 
internal organs of broiler chicks and on layers performance, 
internal and external egg quality, and serum conistituents 
2. To study the effect of feeding processed (Vigna unguiculata) seeds 
(de-corticated, de-corticated roasted and enzymes 
supplementation) on the productive parameters, relative weights of 
internal organs and the status of some serum parameters of the 
broiler chicks and on the layers performance, internal and external 
egg characteristics and serum constituents. 
3. To assess the effect of feeding raw and processed cowpea (Vigna 
unguiculata) on economic aspect of broilers and layers and 
profitability. 
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CHAPTER TWO 
LITERATURE REVIEW 
 
2.1 The cowpea (Vigna unguiculata L. Walp): 
 The cowpea (Vigna unguiculata L. Walp) belongs to the family 
leguminosae, other names commonly used include catjang, black-eyed 
bean or china pea (Taiwo, 1998), southern pea, clossus, or crowther peas 
(Uzogara and Ofuya, 1992a). In the Sudan, it is known as lubia helo or 
white lubia. It is believed to have originated in Africa and Asia (Taiwo, 
1998), and is widely cultivated in the tropics (Chavan et al., 1989). As a 
legume, cowpeas are rich and low cost sources of dietary proteins and 
nutrients (Egounlety and Awoth, 2003) and they form part of a staple diet 
in most African and Asian countries (Aykroyed et al., 1982). 
2.1.1 Agrobotanical features: 
 Cowpeas (Vigna unguiculata) are herbaceous erect or suberect 
annual plants, spreading to 80 cm tall glabrous, tap root stout with 
laterals near soil surface (Elawad, 2000). Root with large nodules; stem 
usually procumbent, often tinged with purple; first leaves above 
cotyledons are simple and opposite; subsequent trifoliate leaves are 
alternate inflorescence axillaries. The pods are curved, straight or coiled, 
seed 2 – 12 mm long, globular to kidney shape of reinform, smooth or 
wrinkled, red, black, grown, green buff or white (Padulosi and Perrino, 
1997). 
 The cowpea seeds are made up of cotyledons, germ and a seed 
coat with testa and hilum (Charan et al., 1989). The seed composition, 
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predominantly the proteins and starch varies considerably according to 
cultivar and seed origin (Taiwo, 1998). 
2.1.2 Geographical distribution: 
 Cowpea (Vigna unguiculata) is of an ancient culture in Africa and 
Asia, and widespread in Africa, spreading by way of Egypt or Arabia to 
Asia and Mediterranean. Now, widely cultivated throughout the tropics 
and subtropics, cowpeas origin is solely Ethiopian Center, followed by 
subsequent evolution predominantly in the ancient farming systems of 
the African Saranna (Stewart and Summerfield, 1978). Cowpea is now 
grown in East and West Africa, other developing countries and other 
continents (Pdulosi et al., 1997). 
2.1.3 Production: 
 Cowpeas (Vigna unguiculata L. Walp) are starchy legume, which 
are grown in the tropical and subtropical regions of the world (Kochhar, 
et al., 1988) including Africa and Asia (Taiwo, 1998). Globally in the 
year 2003, about 12.43 million hectares of land is used to cultivate 
cowpeas, with central and west Africa contributing about 8 million 
hectares (FAO Statistical Database, 2004). World cowpea production 
was 3.721.850 metric tons (Mt) during the year 2003, with Africa and 
Asia contributing 90% and 7.6%, respectively (FAO Statistical Database, 
2004). 
 Nigeria produces about 3.1 million tons period of cowpea, which 
makes it the world largest producer, followed by Niger. The second 
higher producer in the world is Brazil. Others major producers in Africa 
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include Burkina Faso, Ghana, Kenya, Uganda, Malawi, Tanzania, 
Senegal and Togo (FAO, 1995). 
 In the Sudan the crop yield remains between 0.6 – 0.8 tones per 
hectare in the irrigated areas, and 0.4 – 0.5 tones per hectare by rain, the 
improved cultivars can give up to 1.2 – 1.7 tones per hectare (Abdel 
Bagi, 1985).  
 In the Sudan, the crop can be grown successfully in the low lands 
of semi arid savannah, savannah and sub-humid forest regions. Cowpea 
is rarely grown in pure culture. Thus under rain the crop is either inter 
planted with others field crops such as cereals or grown on field borders 
as Nuba Mountains and western Sudan under shifting cultivation. Under 
irrigation cowpea is grown mainly as secondary crop with vegetables, 
sorghum or cotton (Elawad, 2000). 
2.1.4 Uses: 
 Cowpea (Vigna unguiculata) is grown mainly for the seeds and 
sometimes pods in West Africa, India and South America. It is also 
utilized as fodder and a quick growing over crop. It improved soil 
fertility, this due to its ability to fix nitrogen in the soil (Liener, 1994). 
2.1.4.1 Cowpeas (Vigna unguiculata) as human food: 
Cowpeas are an important part of human diet in developing 
countries. Generally they are incorporated into a variety of local foods, 
weaning foods and snack foods in Africa and Asia (Gimi, 2005). 
Traditionally, cowpeas may be cooked alone or processed into flour to 
make other food products. In Nigeria, whole cowpea seeds are cooked 
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together with spices and palm oil to produce a thick bean soup known as 
gbegiri (Onyenekwe, Njoku and Ameh, 2000), which is eaten alone or 
with yams, maize or rice (Taiwo, 1998). Decorticated cowpea flour may 
also be mixed with chopped onions and spices, made into cakes and 
either deep-fried (akara) or steamed (moin-moin) in Nigeria (Taiwo, 
1998). Fried dehals made with cowpea flour are common in India 
(Tharanathan and Mahadevamma, 2003). Generally cowpeas are 
decorticated to improve their acceptability by consumers (Phillips and 
Mcwaters, 1991) and to reduce the cooking time (Tharanathan and 
Mahadevamma, 2003). 
2.1.4.2 Other uses: 
 Cowpeas are scared to Hausa and Yoruba tribes, and are 
prescribed for sacrifices to abate evil and to pacify the spirits of sickly 
children. Hausa and Edo tribes use cowpeas medicinally 1 or 2 seeds 
ground and mixed with soil or oil to treat stubborn boils (Huxley and 
Steele, 1974). 
2.1.5 Nutritive value of (Vigna unguiculata): 
 Cowpeas are a good source of proteins, minerals and energy. 
However, the nutrient content of cowpeas varies mainly because of 
genetic background as well as climate, fertilization, season and 
agronomic practices (Kochhar et al., 1988). Most of the nutrients are 
concentrated in the cotyledons as it makes up most of the seed weight. 
The proximate composition of cowpeas is shown as following (%): crude 
protein range (18.3 - 35.0), crude fat (0.7 – 3.5), crude fiber (2.7 – 7.0), 
starch (31.5 – 48.0) and the ash (2.5 – 4.9) (Chavan et al., 1989). 
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2.1.5.1 Crude protein: 
 The chemical composition of cowpea seeds was found to contain a 
good quality vegetable crude protein (19 – 33%), fortunately, this protein 
exhibits an adequate profile of essential amino acids (Tshovhote et al., 
2003). Studies have been carried out on the seed characteristics and 
protein composition by (Teguia et al., 2002); Walker (1981) and Giami 
and Okwechime, 1993), their results revealed that crude protein 
percentages of cowpeas were range (23 – 31.3), (23.1 – 32.3) and (20 – 
30), respectively. 
2.1.5.2 Fat and fatty acids: 
 Cowpeas (Vigna unguiculata) are an excellent food for some 
individuals, because they contain no cholesterol and low fat (Eheart et al. 
1948). Steweart and Summerfield (1978) reported that, the raw mature 
seeds of cowpea contains 1.4 g fat/100g and the fatty acids composition 
is as following: linolenic was 12.3, linoelic 27.4, oleic 12.2, lignoceric 
1.1,  arachidic 0.9, stearic 7.1, palmatic 33.4. Seed also contains 0.25% 
stigmasterol.  
 Wethli and Paris (1995) found that ether extract was 65.2 g/kg of 
the raw cowpea seed. Robinson and Singh (2001) analyzed two varieties 
of cowpeas (red Caloona and Caloona), the percentage of fat was 1.25 
and 1.24, respectively. Fialho et al. (1985) found that the percentage of 
ether extract was 1.6 from dry matter. 
2.1.5.3 Crude fiber: 
 Crude fiber of Vigna unguiculata seed ranged between 6.30 – 0.64 
g/100g (Walker, 1981; Robinson and Singh , 2001; Longe, 1980). The 
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dietary fiber was in the range of 7.15 – 2.17 g/100g (Bressani, 1985; 
Fialho et al. 1985; Teguia et al., 2003), while the neutral detergent fiber 
and acid detergent fiber ranged between 8.11 – 22 g/100g and 9 – 20 
g/100g, respectively (Kochhar et al., 1988; Armu, 1990; Vankassel and 
Hartley ,1999). High crude fiber in diet is known to enhance the 
digestibility, decrease the blood cholesterol and reduce the risk of large 
bowel cancers (Anderson et al., 1995; Salvin et al., 1997). 
2.1.5.4 Vitamins: 
 Cowpea is being successfully used in child-feeding programmes 
because of its high nutritive value. Walker (1981) reported that Thiamine 
range was 0.77 – 0.8 mg/100g, Riboflavin range was 3.5 – 2.0 mg/100g 
and Niacin range was 3.48 – 2.8 mg/100g. Cowpeas are a major source 
of Thiamin and Niacin, also contain reasonable amounts of water soluble 
vitamins, Riboflavin, Pyridoxine and Folacin (Aykroyed et al., 1982). 
Alghali (1991) reported that, immature cowpea seeds are good sources of 
vitamin A, Beta-carotene and vitamin C. 
2.1.5.5 Minerals:  
 Legumes form a rich source of minerals particularly potassium, 
magnesium, iron, zinc and calcium (Salunkhe et al., 1985). Cowpeas are 
a major source of essential minerals in developing countries. The ash in 
raw mature seed was 3.7 g/100g (Stewart and Summerfield, 1978). In 
another study carried by (Walker, 1981) the ash % was found to be 3.5 – 
3.0. (Fialho et al., 1985) found that the ash percent of cowpeas seed was 
5.0 as dry matter. Robinson and Singh (2001) studied two varieties of 
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cowpeas, they reported that the ash percentage were 3.58 and 3.37 from 
the dry matter for red Caloona and Caloona, respectively. 
 Among the minerals of cowpea seeds, potassium was highest (750 
– 1800 mg/100g) followed by calcium (104 – 910 mg/100g). Cowpeas 
have low sodium content which makes them popular for individuals on 
low sodium diets, while their high potassium content should be of special 
interest to some people (Aykroyd et al., 1982). The cowpea seeds supply 
the other essential minerals; magnesium, iron, zinc and phosphorus 
(Walker, 1981; Aykroyed et al., 1982). 
2.1.5.6 Carbohydrate: 
 Cowpea is eaten in the form of dry seeds, green pods and tender 
green leaves (Rachie, 1985). Like other grain legumes, cowpeas are a 
good source of energy (carbohydrate range was 54.4 – 63.6 g/100g, fat 
ether extract range was 1.2 – 1.4 g/100g) (Walker, 1981). Cowpeas are 
relatively cheap compared to meat foods and, as they have a high 
carbohydrate content (50 – 65%), act as high energy foods for peasants 
and nomadic farmers (Longe, 1980). Cowpeas also add variety to 
monotonous high carbohydrate staple foods common in the tropics. 
Starch contributes about 30 – 50% of cowpea carbohydrate and as in 
other   food legumes over 50% of the starch is in the form of amylase 
(Reddy   et al., 1984). Rao (1982) showed that high amylase content 
caused low digestibility; however carbohydrate digestibility of cowpeas 
was increased in vitro by baking, roasting and germination and these 
processes might also facilitate in vivo carbohydrate digestibility 
(Srinavasa-Rao, 1976; Reddy et al., 1984; Carbezas et al., 1982). In 
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addition, cowpeas also contain some indigestible sugars known as 
oligosaccharides, stachyose raffinose and verbaseose cause gas or flatus 
in some individuals who consume cowpeas (Uzogara et al., 1992a). 
Generally carbohydrates of legumes are known to reduce the plasma 
cholesterol and gradually elevate the levels of blood glucose (Leeds, 
1982; Walker, 1982).  
2.1.5.7 Amino acids: 
 Cowpeas were chosen as the source of nutrients, because of their 
relatively high protein content and their amino acids (Bressani, 1985; 
Kochhar et al., 1988; Armu, 1990). The high lysine content of cowpea 
makes it an excellent improver of the protein quality of foods low in 
lysine but rich in sulpher amino acids (Vankassel and Hartly, 1999). 
 Walker (1981) reported that, amino acids in cowpea seeds were 
lysine (6.6 – 8.1), histidine (2.9 – 4.47), arginine (5.4 – 8), threonine    
(3.5 – 4.5), valine (4.9 – 5.7) phenyl alanine (5.5 – 6.2) and methionine 
(1.5 – 2.3). 
2.1.6 Protein quality: 
 Protein from cowpea seeds can be recovered in six solubility 
fractions: salt soluble protein globulins, its value ranged from 65.7 to 
79.7%; water soluble protein albumins which ranged from 4.0 to 12.3%; 
alcohol soluble protein prolamin from 1.4 to 4%; glutelins1 ranged from 
1.4 – 2.9%; glutelins2 ranged 0.9 to 3.0%; glutelins3 ranged 9.0 to 14.0% 
and insoluble protein ranged 0.5 to 3.0% (Nugdallah and El Tinay, 1997). 
According to (Fruton and Simmonds, 1959) proteins are divided into five 
major groups, albumins which are water-soluble, golublins which are 
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salt-soluble, prolamins which are 70 – 80% ethanol-soluble, glutelins 
which are sodium hydroxide-soluble and sclero-proteins which are 
insoluble in aqueous solvents. 
2.1.7 Digestibility: 
 Protein digestibility is one of the major determinants of the 
nutritional quality of legumes and influences bioavailability of amino 
acids (Reddy and Gowramma, 1987). 
 Fialho et al. (1985) studied protein digestibility in poultry when 
fed cowpeas seeds in three cases: raw, cooked and roasted. They found 
that a clear improvement in digestibility due to cooking has been 
observed and they were 66.1, 78.2 and 69.4%, respectively. Rehman and 
Shah (2001) reported improvements in digestibility of dietary protein 
products of cowpeas seed when the condensed tannin declined.  
2.1.8 Anti-nutritional factors in cowpeas: 
  These factors include protease inhibitors, amylase inhibitors, 
phytate, oxalates, saponins, flatulence factors and polyphenols, 
aflatoxins, cyanogeneic glycoside, fasium factors and anti-vitamins. 
These factors are common in many legumes including cowpea (Liener, 
1980). 
  The anti-nutritional factors found in cowpeas include inhibitors of 
enzymes such as trypsin, raffinose group of oligosaccharides and 
polyphenols (Chavan et al. 1989). Trypsin inhibitor is known to inhibit 
the action of the enzyme trypsin. It dose not necessarily interfere with the 
ultimate digestion of proteins but it may retard the libration of the amino 
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acid methionine from the protein (Oboh et al., 1998). Oligosaccharides 
are not digested by mono-gastric animals and they are thus fermented by 
microbes in the colon, which results in the production of flatus and other 
discomfort (Onyenekwe et al., 2000). 
 Cowpea seeds contain anti-nutrients such as oligosaccharide 
phytate, condensed tannins, trypsin inhibitors and cystine inhibitors, their 
values are 5.85, 1.23, 0.9, 0.51 and 0.11, respectively in percentage as 
received (Petterson et al., 1997). These toxic constituents are found 
generally in several varieties of cowpeas, high levels of thioglucosides, 
trypsin inhibitors and low hemagglutinating activity had been recorded 
(Aletor and Aladelimi, 1989).  
2.1.8.1 Tannin content of cowpeas: 
 Tannic acid is common in cowpea and others legumes, most of the 
tannin in dry beans are located in the seed coat (Laurena et al., 1984; 
Uzogara et al., 1990). Tannic acid contents defined as percentages of 
bean dry weight, in raw and processed cowpea varieties, in raw whole 
beans ranges from 0.42 to 0.78% (Anthony et al., 1984). 
 Tannin content of cowpea cultivars range 1.24 to 1.42 mg/g. There 
was no significant correlation between IVPD and tannin content (Ene-
obong, 1995). He also observed that tannin content in red cowpeas flours 
ranged from 3.0 – 4.5 mg/g/sample. Ningsnond (1989) and Elias   et al. 
(1979) found that the concentration of tannin was high in colored seed 
coats but low in white coated ones. Bedford and Classen (1993) 
compared between chickpea and cowpea, they found that the condensed 
tannin content especially free tannins was higher in cowpeas seed.  
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2.1.8.2 Anti-nutritional effect of the tannins: 
 These toxicants lower digestibility (Liener, 1980), protein 
efficiency ratio (PER) and overall nutritive value of uncooked or 
improperly cooked seeds and can cause diarrhea and vomiting (Anon, 
1976). Cowpeas contain anti-nutrients such as polyphenols which may 
decrease protein digestibility and reduce protein quality (Bressan et al., 
1978).   
 Price et al. (1980) and Lurena et al. (1984; 1986) discussed the 
averse effects of tannin on the nutritional properties of cowpea. They 
reported that, tannin lowers protein digestibility. Bressani et al. (1982) 
observed adverse effects of tannin on animal physiology, this may related 
to the fact that tannin interfere with protein digestion, affecting trypsin 
activity and alpha amylase either by binding the enzymes themselves or 
by binding dietary protein into digestible form. Tannin inhibits lipid 
oxidation by scavening the initial free radicals or the lipid peroxy 
radicals. They are also excellent chelators of metals ions such as copper 
and irons (Robbins, 2003). 
2.1.8.3 Phytic acid content in cowpeas: 
 Phytic acid is common in leguminous species and occurs as a 
complex phytin in the cotyledons of the seeds, up to 80% of the total 
phosphorus content located in this region. Most of the phytates in dry 
cowpea seed are found in the cotyledons and not in the seed coat (Reddy 
et al., 1982). Phytate content of cowpea cultivars were 8.4 – 9.92 mg/g. 
Phytic acid contributed 54 – 59% of the phosphorus in cowpea. The 
phytic content differs between cowpea cultivars, it is expressed as 
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percentage 0.45 and 0.39 in white cowpeas and red cowpeas, respectively 
(Robinson and Singh, 2001).  
 There was no significant correlation between IVPD and phytate 
content (Ene-obong, 1995). Reddy et al. (1982) discussed the anti-
nutritional effect of phytate, they had been found that, under in vitro 
conditions phytate can inhibit enzymes such as alpha amylase, trypsin 
and pepsin. Also absorption of zinc may be available in food containing 
high levels of phytate (Oberleas and Harland 1981). 
 The processing of cowpeas by germinating seeds greatly lowered 
the phytic acid content (Beltran et al., 1983). 
2.1.8.4 Anti-nutritional effect of phytic acid: 
 Phytic acid is common in cowpea and other legumes and is the 
principal storage form of phosphorus in many dry beans. Phytic acid 
occurs as a complex (phytin with divalent) cations or monovalent cations 
in discrete regions of the beans and accounts for up to 80% of the total 
phosphorus content (Reddy et al., 1982). Most of the phytates in dry 
beans are located in the cotyledons and not in the seed coat. Anti-
nutritional concern about the presence of phytates in dry beans arises 
from the fact that phytate decreases the bioavailability of essential 
minerals (Ca, Mg, Mn, Zn, Fe, Cu) and may possibly interfere in the 
utilization of proteins due phytate-protein and phytate-mineral – protein 
complexes (Oberleas et al., 1981). Under physiological conditions these 
complexes may be insoluble thereby making proteins unavailable for 
proteolysis in humans and animals. It has been shown that phytate can 
inhibit enzymes such as alpha amylase, pepsin and trypsin under in vitro, 
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conditions (Reddy et al., 1982), which may further, reduces substrate 
utilization. In foods high in phytate, zinc may not be readily available for 
absorption since a phytate: zinc molar ratio of above 20 is reported to be 
associated with chemical zinc deficiency (Oberleas et al., 1981). 
2.1.8.5 Trypsin inhibitors: 
 Trypsin inhibitors are substances have the ability to inhibit the 
action of trypsin enzyme (Liener et al., 1994). Cotyledons contain most 
of the trypsin inhibitors and its level generally unaffected by soaking 
(Cata et al., 1989). Trypsin inhibitors activity differs between cultivars, 
the level of red cowpeas was 1.14 and 0.74 mg/g for the white cowpeas 
(Robinson and Singh, 2001). 
 Kochar et al. (1988); Dellagata et al. (1989) observed the presence 
of these inhibitors in cowpeas and others grain legumes. These toxicants 
had an adverse effect on nutritive value of plant protein (Gatehous et al., 
1979). 
 Ogum et al. (1989) found that trypsin inhibitors lowered protein 
quality by decreasing protein efficiency ratio. The effect of trypsin 
inhibitors can be reduced by the combined effect of soaking, germination 
and temperature (Wang et al., 1997). 
2.1.9 treatment of cowpeas:  
 The anti-nutritional factors of cowpeas can be reduced and 
nutritional quality improved by plant breeding de-hulling, heat treatment 
or supplementation of diets with enzymes.  
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 Heat treatment has been widely used to improve the nutritional 
quality of cowpeas. Anthony et al., (1984) conducted an experiment to 
reduce tannin content of cowpea seeds. They used different treatments; 
autoclaving, cooking, soaking and germination. They observed that 
tannic acid content decreased, the range were 0.33 – 0.69, 0.23 – 0.42, 
0.37 – 0.69 and 0.29 – 0.56% for the above treatments, respectively, 
compared with the tannic acid content in raw seed which equal to 0.42 – 
0.78%. Boiling and pressure cooking destroyed tannin and trypsin 
inhibitors of some legumes species. The varieties with the most tannin 
white cowpea seemed to be the best for feed efficiency. 
 Plahar et al., (1997) observed that roasting decreased tannin 
concentration of cowpea cultivars, they were 0.3 – 6.9 and 7.2 – 11.6 
mg/ceg flour from whole cowpea seeds and seed coats, respectively. 
Roasting significantly improved digestibility and roasted cowpeas 
provide adequate nutritional and functional qualities as protein 
supplements in cereal-based weaning foods. Roasting and pressure-
cooking increased protein ratio values of the cowpeas by decreasing 
tannin and trypsin inhibitors activities. Available lysine was not 
significantly affected by treatment (Jibaja and Bressani 1998). 
 De-cortication of grain legumes seeds is an effective method for 
reducing tannin content that localized in the seed testa Plahar et al., 
(1997) recorded that de-hulling removed 98% of the tannin content of 
raw cowpeas seed. De-hulling of seeds after soaking for one hour then 
soaking for 45 minutes and sun drying to15% moisture, destroyed trypsin 
inhibitors activity almost entirely (Abbey and Nkang 1988). 
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 Study was carried out on 15 local and improved cowpea genotypes 
grown in 12 environments, comprising 3 Nigerian locations over 3 
seasons per location. Genotype effects were strongest in controlling 
trypsin inhibitor activity while environment was the major source of 
variation for tannins, haemagglutinin and phytic acid contents. Resutls, 
indicated that a cowpea genotype grown and consumed safely in one 
environment can be poisonous when grown and consumed in another. 
Genotype X environment effects were significant for tannins, haem-
agglutinins and trypsin inhibitor concentrations (Oluwatosin, 1999). 
 Bressani (2002) reported that de-hulling improved protein quality 
and digestibility of Phaseolus vulgaris and Vigna unguiculata and he 
suggested that this could be due to the removal of seed coat tannin.   
2.2 Methods of improving the nutritional value of grain legumes: 
2.2.1 Genetic selection: 
 Anti-nutritional factors of legume can be reduced and nutritional 
quality improved by plant breeding. There are differences in ANF 
content between varieties and cultivars of grain legumes. Batterham et al. 
(1993) showed that two cultivars of chickpea gave good growth in pigs at 
75% dietary inclusion but a cultivar of pigeon pea (Hunt) gave a 
reduction in growth at 25% of the diet. It is hoped that the increased 
knowledge of the particular limitations of different species and cultivars 
in poultry nutrition will encourage plant breeders to apply appropriate 
selection pressure to further improve the varieties suited to poultry 
(Robinson and Singh, 1999). Helsper et al. (1996) conducted an 
experiment to reduce tannin content of faba bean through genetic 
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manipulation they observed that feed conversion of broiler chicks 
increased to 2.5%. Leterme et al. (1992) observed that some cultivars of 
peas had higher activity of trypsin inhibitors than one of their parents, 
and cultivars rived from the same cross shoed different trypsin inhibitors 
activities, they suggested that the hereditary transmission was not 
systematic.      
2.2.2 Physical treatments: 
 Physical treatments are the more effective methods to reduce the 
ANFs in legumes; they include the heat treatments and mechanical 
treatments. 
2.2.2.1 Heat treatment: 
 Heat treatment has been widely used to improve the nutritional 
quality of grain legumes, but the type of heat, temperature and 
environmental conditions represent the major constrains. The effect of 
heat may be specific for each legume and may depend on the 
concentration and location of different heat labile anti-nutritional factors. 
Thus, researches should be carried out to define the proper treatment to 
enhance the nutritional value of specified legume grains for their use in 
broiler nutrition on small-holder farms (Teguia and Beynen, 2005). 
 Although heating destroys most of the heat labile ANFs, care must 
be taken to avoid either under- or over-heating of legumes (Liener and 
Kakade, 1980; Vanderpeol, 1989) as excessive heat treatment markedly 
impairs protein digestibility. Udedibie and Carlini (2000) observed 
residual activities of trypsin inhibitors and lectins in some varieties of 
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mucuna and kidney bean as a result of dry heat treatment. Similarly, 
Friedmann et al. (1991) and Van Amevongen et al. (1998) reported that, 
despite intensive heat treatment, soybean might still contain 20% of 
residual trypsin inhibitor activity.  
 Six commonly consumed legumes in India were subjected to the 
following cooking processes: roasting (160oC), germination (24 h), 
pressure cooking (15 – 16 for 15 min.), germination and roasting. 
Reduction of phytic acid was apparent when roasting (43%) or 
germination (36%) used: pressure cooking did not achieve any significant 
differences. Each legume produced different results. It was concluded 
that roasting and germination are effective in reducing levels of phytic 
acid and enhancing mineral solubility (Vaishale et al., 1998). 
 Roasting and pressure cooking increased the net protein ratio 
values of the cowpea, canavalia and lupin flours although the values were 
lower than that for casein. Both treatments decreased trypsin inhibitors 
activities. Tannins decreased slightly in cowpea and by 38 and 68% in 
canavalia and lupin flours, respectively. Apparent digestibility of lupin 
protein was similar to that for casein at roasting temperatures up to 200oC 
and after autoclaving. Values were slightly lower for the other flours. 
True digestibility values were similar. Available lysine was not 
significantly affected by treatment (Jibaja et al., 1988).  
2.2.2.2 Mechanical treatment: 
 De-hulling improves the nutrients content of grain legumes. It is an 
effective method for reducing tannin content of seeds since most of 
tannins are located in the testa. De-hulling removes the indigestible, 
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high-fiber hull and the ANFs of peas (Igbasan and Guenter, 1996). 
Studies with 10 to 17 days-old broilers indicated that de-hulling did not 
affect the AMEn of APD of low-tannin peas (Brenes et al., 1993), a 
result that was supported by performance trials (Igbasan and Guenter, 
1996).  
 De-hulling reduced tannin content but had no significant effect on 
phytate content or in vitro protein digestibility except for seeds soaked 
for 12 h before. De-hulling for 24 h increased crude protein content by 
16% (Ene-obong and Obizoba 1996). Although de-hulling removed 98% 
of the tannin content of raw cowpeas, improvement in protein quality as a 
result of de-hulling was observed for only the highly-pigmented in 
Maroon-red variety (Plahar et al.,  1997). 
 Brenes et al. (1993b) observed that weight gain, feed-to-gain 
ration, apparent protein digestibility and apparent metabolizable energy 
were improved by 5.7, 7.0, 16.4 and 13.9%, respectively when growing 
chickens were fed de-hulled-high-tannin peas compared with those fed an 
untreated pea diet.  
2.2.2.3 Enzymes supplementation: 
 Supplementation of diets with enzymes may reduce dietary/ 
nutritional problems as well as variations in performance (Maisonnier    
et al., 2001 a, b). It should not however, be assumed that 
supplementation with enzymes will solve all the problems associated 
with dietary anti-nutritional factors (Farrel and Martin, 1998). Addition 
of   exogenous enzymes may inactivate trypsin inhibitors, chemotrypsin 
inhibitors and lectins of raw soybean by incubation with microbial 
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proteases (Huo et al., 1993). One of the major advantages of adding 
exogenous enzymes to poultry diets is to allow otherwise in expensive, 
but nutritionally poor, ingredients which may be available locally. In 
effect, the addition dietary enzymes have the ability to increase the 
nutritional value of certain ingredients. This has been well demonstrated 
for lupins where enzyme supplementation has improved their apparent 
metabolisable energy from 10 Mj/kg to 14 Mj/kg (Naveed et al., 1999; 
Bach-Knudsen, 2000). Addition of feed enzyme, 'lupinase' (β-galactanase 
and minor α-galactosidase), to lupin diets increase the apparent 
metabolisable energy (AME) value by 10.7% (Bryden et al., 1994). A 
commercial cellulose preparation increased the digestibility of xylose 
from peas, but did not alter significantly pea TME value (Zyla et al., 
1999). Igbasan et al. (1999) reported that, addition of crude pectinase or 
α-galactosidase to the pea-based diets for broiler chicks improved their 
general performance, AMEn value and apparent digestibility of protein. 
 Enzymes are provided in various forms for supplementation of 
animal diets. They can be supplied as powders and added to the diet 
before mixing and pelleting, or they can be added as granules before the 
diets are mixed and pelleted (Gibson, 1995; Silversides and Bedford, 
1999). 
 A more recent innovation is to add enzymes as liquids after 
pelleting. This can avoid the problems associated with pelleting at high 
temperature (Kluntner et al., 1995; Ziggers, 1998). Enzymes supple-
mentation of poultry diets is beneficial, although careful consideration of 
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diet composition is necessary to allow the maximum benefits to be 
realized (Acamovic, 2001). 
 When enzymes are fed to poultry, once inside the gastrointestinal 
tract, the enzymes have to withstand conditions which can cause 
inactivation, such as an acidic pH of the stomach in the presence of 
pepsin, and further proteolitic attack from pancreatic proteases. The 
effects of gastrointestinal conditions on the stability of a β-glucanase 
preparation were studied in vitro (Almirall and Esteve, 1995)   
2.3 Use of legumes in poultry: 
 The potential of specific grain legumes for use as poultry feed 
depends largely on their agronomic prospects and relevance of 
sustainable agriculture. Agronomically, it is considered that chick peas, 
mung bean, and to a lesser extent faba bean offer the best prospects, with 
pigeon pea, cowpea, field pea, white lupin, lentil and lablab being other 
possibilities (Brinsmeade, 1997).  
 There has always been interest in legume grains as protein source 
for broilers as an alternative to soybean meal, which traditionally is 
staple protein source in poultry diets. A number of legumes, including 
mung bean, chickpea, lablab and cowpeas were identified as providing 
the greatest potential for increased used in intensive livestock. The 
researchers reported that cowpeas has a good nutritional profile and has 
been used successfully in poultry feeds (Robinson and Singh, 2001). 
 Research of the nutritional value of tropical grain legume has been 
done in Africa and India, where pulses are widely used as part of the 
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staple human diets, however, some research has been conducted in 
Australia. 
 In Mozambique, Wethli and Paris (1995) studied four crops; maize 
(Zea mays), sorghum (Sorghum vulgare), sesame (Sesamum indicum), 
and cowpea (Vigna unguiculata), in the trial to evaluate their nutritive 
value for poultry feeding. They recorded that there is no any marked of 
toxicity with the use of raw cowpeas in animal feeding, although the 
presence of trypsin inhibitors has been reported. Also they found no 
significant differences in feed consumption and feed efficiency among all 
treatments with mixed diet, although the control diet tended to be the 
best.  
 In Tanzania, (Mnembuka and Eggum, 1995) conducted feeding 
experiment using rats to evaluate the nutritive value of winged beans, 
mung beans, bambara groundnuts, pigeon peas, field beans, cowpeas, and 
soybean. The result showed that with the exception of field beans, true 
protein digestibility was comparable to soybean. The energy digestibility 
was around 80%, soybean having the highest value 85.8%. 
 In Cameroon, there is now great interest in legume grains and the 
replacement of meat meal in the starter diets of broilers chickens by 
meals of common black bean (Phaseolus vulgaris), bambara groundnut 
(Voandzeia subterranean) and/or cowpea (Vigna unguiculata) induced 
deteriorating effects on growth rate. Only the birds fed on diets with 
small grained cowpea meal, recorded growth rates and feed consumption 
that were comparable to those of the control group of birds. During the 
finishing stage, however, the groups of broiler birds fed either bambara 
groundnut or 1:1 mixture of bambara groundnut and large-grained 
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cowpea meal had growth rate comparable to those of the control birds 
consumed significantly more feed than did groups fed legume grain meal 
(Teguia et al., 2003).  
 In Australia, Robinson and Singh (2001) conducted an experiment 
to study the effect of feeding cowpeas and chickpea on the performance 
of layers. They found that, moderate levels of cowpeas or chickpea 
tended to increase egg production. Two hundred fifty g/kg Caloona 
cowpeas or 175 g/kg Dooen chickpea resulted in significantly higher egg 
numbers than the control diets. Efficiency of feed conversion was 
generally improved by the inclusion of legumes in diet. The body weight 
gain consistently declined with increasing dietary levels of cowpea and 
chickpea. The feed intake of birds given high level of cowpea or 
chickpea was lower than that of most others groups including control. 
The average yolk colour score of eggs from birds given the highest level 
of red Caloona cowpea was higher than that of any other treatment.    
 In South Africa, studies on nutritive value of cowpeas have been 
conducted by Nell et al. (1992). These researchers sampled 150 different 
cowpeas cultivars and found that, the average crude protein content was 
28.4% (range 24.5 – 33.9). Autoclaving for 15 minutes at 120oC 
improved digestible energy and TME when estimated in pigs and 
poultry, respectively. A clear improvement in digestibility due to cooking 
has also been demonstrated by (Fialho et al., 1985). 
 In the Sudan, (Abdel-Ahmed and Abdel-Nour, 1990) examined 
samples of lupin seed, pigeon peas, cowpeas, lablab, faba beans and 
soybean for protein quality, they found that lupin protein was rich in 
lysine and had a high availability. Sulpher amino acids concentration was 
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low. The calculated protein efficiency ratio, were 2.38 and 0.95 for 
soybean and lablab, respectively. The two cowpeas varieties differed 
significantly in protein efficiency ratio. Faba bean proteins were the most 
susceptible to gastric and pancreatic enzymes. Trypsin inhibition activity 
was highest in soybeans.  
 Force-feeding of some legume had been studied by (Leon et al., 
1993), they used Vigna unguiculata, Pospho carpustition gono lobus and 
C. cajan. The seed contained 26, 37 and 20% crude protein, respectively. 
Trypsin inhibitors activity was 12.5, 68 and 18.7 mg/100g, respectively. 
Legumes were force fed to 48 Rod Island red cockerels, which wee 
deprived of feed for 48 h before and after force feeding, nitrogen 
digestibility was 79, 54 and 81% respectively. The values were slightly 
different among the legumes.   
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CHAPTER THREE 
EXPERIMENT ONE 
Effect of  Dietary Levels of Cowpea (Vigna unguiculata)  
Seeds on  Broiler performance, Internal Organs  
Weights and Plasma Constituents  
 
3.1 Introduction: 
 Broiler production in the Sudan has always been dependent on 
imported sources of protein such as fish meal and animal protein 
concentrates. These feedstuffs represent a considerable proportion of the 
production cost. To minimize the cost nutritionists search for others non-
convectional protein sources. 
 Legumes are becoming an increasingly important source of protein 
as worldwide demand for protein increases, the protein content of 
legumes is relatively high, but protein quality is low because of relatively 
low concentration of sulfur containing amino acids and the presence of 
anti-nutritional factors, including trypsin, protease inhibitors, phytate, 
and tannins (Ming-Cheng et al., 1993). Teguia et al. (2003) studied the 
effect of feeding different levels of raw cowpea seeds on broilers 
performance. The authers concluded that only up to 6% of cowpea and/ 
or bambara groundnut was included in the broilers diets. Higher levels 
would limit the utilization of legume grains due to the presence of anti-
nutritional factors. Simoongwe (1998) reported that cowpeas and pigeon 
peas can be incorporated in poultry diets and give good results. Labarca 
et al. (1999) stated that cowpea being easy plant cultivation, suited in 
tropical ecosystem, high nutritional value and widely disseminated.    
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  The objectives of this study were to assess the effect of four 
dietary levels of raw cowpea seeds included in broiler chick diets on the 
performance and production parameters such as weight gain; feed intake; 
FCR; internal organs weight; blood chemistry and carcass quality. 
3.2 Materials and Methods: 
3.2.1 Experimental site and duration: 
 The experiment was conducted during the period from the 18th of 
September to 7th November 2006, at which the ambient temperature 
ranged between 38 to 27oC (Metrological Department, Shambat), in the 
Poultry Unit, Faculty of Animal Production, University of Khartoum.  
3.2.2 Experimental birds: 
 Two hundred and fourty day old unsexed commercial broilers 
chicks (Ross) were purchased from Coral Company. The birds were 
distributed into 6 replicates per treatment with 10 chicks/ replicate in a 
complete randomized design. 
3.2.3 Experimental diets: 
 Four iso-caloric and iso-nitrogenous diets were formulated 
according to nutrient specifications of the standards published by 
National Research Council (NRC, 1994) with four levels of raw cowpea 
(0,5,10 and 15%).  
Diet (A) was the control with zero level of cowpea seeds.  
Diet (B) included at 5% level of raw cowpea seeds as shown in plate (1). 
Diet (C) included at level of 10% raw cowpea seeds. 
Diet (D) included at level of 15% raw cowpea seeds. 
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Plate (1): Sample of raw cowpea seeds 
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For the first week of age, chicks were fed the control diet then they 
received the starter diets for three weeks followed by the finisher diets till 
the end of the experiment.  The composition of the starter diets are shown 
in tabls (3.1) and that of finisher diets illustrated in table (3.2). 
3.2.4 Experimental house: 
 The study was carried out in an open sided poultry house (6 x 5m), 
located in east-west direction. The house was constructed from 
corrugated iron sheet, iron bars, wire net cement. It was divided into 24 
pens (floor spare 1 x 1 metre). The floor was concreted with suitable 
working space allowance. The house was cleaned and disinfected, saw 
dust was used in all pens. 
3.2.5 Management: 
 The birds in each pen had continuous access to one metallic 
fountain drinker and the experimental diets were fed ad-libitum using 
metallic tubular feeders. 
 Feeders and drinkers were kept cleaned; drinkers were cleaned 
once a day. Each pen was provided with bulb lamb (60 watts) for 
continuous lighting throughout the experimental period. Artificial light 
was provided by lambs (12 hours) in the evening and 12 hours natural 
day-light. The bulbs lambs were hanged about one foot high from the 
flour during the first two weeks of age and then maintained to about 6 
feet. All chicks were vaccinated against Gumboro at two weeks of age, 
vitamins and antibiotics were offered via drinking water at the first three 
days. Vitamins were offered as supportive dose before and after 
vaccination. 
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Table (3.1): Composition of experimental broiler starter diets  
containing dietary levels of cowpeas seed% 
Ingredient 0 (A) 5 (B) 10 (C) 15 (D) 
Sorghum  64.90 64.90 60.66 60.86 
Groundnut meal 15.45 13.48 13.24 15.90 
Sesame meal 13.00 10.00 8.00 - 
Wheat bran 0.30 0.25 0.25 - 
Br. Super concentrate*1 5.00 5.00 5.00 5.00 
Dicalcium 1.10 1.00 0.80 1.10 
Salt 0.25 0.25 0.25 0.25 
V. oil - 0.12 1.76 1.75 
Methionine - - 0.04 0.14 
Calculated analysis     
ME (Mj/kg) 11.74 12.92 12.54 12.71 
Crude protein 23.71 23.05 23.60 24.58 
Crude fat 4.28 3.40 3.50 3.10 
Crude fiber 4.26 4.37 4.24 4.22 
Calcium 1.01 1.10 1.00 1.07 
Available Phosphorus 0.51 0.49 0.44 0.47 
Methionine 0.57 0.51 0.46 0.48 
Lysine 1.05 1.90 1.14 1.07 
Determined analysis %  
Dry matter 95.33 95.85 95.72 95.45 
Crude protein 23.45 25.85 25.77 24.89 
Ether extract 7.00 6.40 6.70 5.50 
Crude fiber 6.67 7.01 6.67 6.22 
Nitrogen free extract 52.47 50.77 50.42 51.65 
*2ME (Mj/kg) 12.76 12.81 12.75 12.76 
Ash 5.75 5.82 6.24 7.34 
CP 40%, ME 2000 kcal/kg, C. fiber 3%, EE 3% Ash 34%, Ca, 8% Av.P 1.38% 
Lysine 12%, Methionine 3%, Methionine + cystine 3.5%, Vitamin A 250000 IU/kg, 
Vitamin D3 50000 IU/kg, Vitamin E 500 Mg/kg, Vitamin K3 6 Mg/kg, Vitamin 
B1/thiamin 20 Mg/kg, Vitamin B2/riboflavin 100 Mg/kg, Lysine 12%, Methionine 
3%, Copper 120 Mg/kg, Zinc 1000 Mg/kg, Iodine 6 Mg/kg, Vitamin C 4000 Mg/kg, 
Folic acid 30 Mg/kg, Iron 800 Mg/kg, Manganese 1400 Mg/kg, Cobalt 12 Mg/kg, 
Niacin vitamin pp. 600 Mgkg, Pantothenic acid/vitamin B3 160 Mg/kg, Vitamin 
B6/pyridoxine 40 Mg/kg, Vitamin B12 300 Mcg/kg, Biotin/vitamin H 2000 Mcg/kg, 
Coline 10000 Mg/kg, Copper 120 Mg/kg, Zinc 1000 Mg/kg, Iodine 6Mg/kg, 
Selenium 3 Mg/kg  
*2Metabolizable energy is calculated according to the equation of Iodhi et al. (1976) 
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Table (3.2): Composition of experimental broiler finisher diet 
containing  dietary levels of cowpea seeds (%) 
                                                           
Ingredient 0(A) 5(B) 10(C) 15(D) 
Sorghum  64.90 64.90 60.66 60.80 
Groundnut meal 15.2 13.48 13.24 14.90 
Sesame meal 12.00 9.00 7.00 - 
Wheat bran 1.55 1.25 1.31 1.69 
Br. Super concentrate*1 5.00 5.00 5.00 5.00 
Dicalcium 1.10 1.01 1.50 1.06 
Salt 0.25 0.25 0.25 0.25 
Volitile oil 0 0.11 1.00 1.19 
Methionine - - 0.04 0.014 
Calculated analysis     
ME (Mj/kg) 12.55 12.60 13.83 12.57 
Crude protein 20.01 19.42 19.25 20.01 
Crude fat 4.28 3.07 4.12 4.66 
Crude fiber 4.60 4.71 3.98 4.09 
Calcium 1.00 1.09 1.10 1.06 
Av. Phosphorus 0.48 0.48 0.46 0.46 
Methionine 0.58 0.56 0.57 0.44 
Lysine 1.05 1.80 1.15 1.14 
Determined analysis     
Dry matter 96.40 95.82 95.23 96.47 
Crude protein 19.89 19.68 20.44 18.38 
Ether extract 6.80 7.40 6.11 5.89 
Crude fiber 6.51 7.02 6.42 6.55 
Nitrogen free extract 56.96 55.84 56.33 59.37 
*2ME (Mj/kg) 12.92 13.77 11.81 12.88 
Ash 6.24 5.88 5.93 7.17 
*1 CP 40%, ME 2000 kcal/kg, C. fiber 3%, EE 3% Ash 34%, Ca, 8% Av.P 1.38% 
Lysine 12%, Methionine 3%, Methionine + cystine 3.5%, Vitamin A 250000 IU/kg, 
Vitamin D3 50000 IU/kg, Vitamin E 500 Mg/kg, Vitamin K3 6 Mg/kg, Vitamin 
B1/thiamin 20 Mg/kg, Vitamin B2/riboflavin 100 Mg/kg, Lysine 12%, Methionine 
3%, Copper 120 Mg/kg, Zinc 1000 Mg/kg, Iodine 6 Mg/kg, Vitamin C 4000 Mg/kg, 
Folic acid 30 Mg/kg, Iron 800 Mg/kg, Manganese 1400 Mg/kg, Cobalt 12 Mg/kg, 
Niacin vitamin pp. 600 Mgkg, Pantothenic acid/vitamin B3 160 Mg/kg, Vitamin 
B6/pyridoxine 40 Mg/kg, Vitamin B12 300 Mcg/kg, Biotin/vitamin H 2000 Mcg/kg, 
Coline 10000 Mg/kg, Copper 120 Mg/kg, Zinc 1000 Mg/kg, Iodine  6 Mg/kg, 
 Selenium 3 Mg/kg  
 
*2Metabolizable energy is calculated according to the equation of Iodhi et al. (1976) 
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3.2.6 Experimental procedures: 
  Feed intake was determined weekly on a replicate basis by 
weighing feed at the beginning and at the end of each week. Chicks were 
weighed weekly to calculate body weight gain. Mortality was recorded 
daily as it occurs to adjust feed intake. Feed conversion ratio (FCR) was 
calculated as feed consumed divided by body weight gain.  
 Protein efficiency ratio (PER) was calculated as weight gain/ 
protein consumed. At the end of experiment, birds were fasted from feed 
for overnight. Eighteen birds from each treatment (3 birds/ replicate) 
were selected randomly. They were leg-banded, weighed individually 
and slaughtered. Feathers were removed manually. 
3.2.7 Collection of blood sample: 
 Blood samples were taken from jugular vein during slaughtering 
and then, collected into clean tubes and allowed to clot, and sera were 
separated by centrifugation at 3000 rpm for 5 minutes, and stored at 4oC 
until analyzed. Hemoglobin concentration (Hb) was determined using 
Haemoglobin –Drabkin kit. Plasma total protien was determined as 
shown by (King and wootton,1965). Plasma albumin, plasma globulin 
were determined by using method of (Baratholmew and Delaney, 1966). 
plasma Na and plasma K were determined by flame photometer 
technique as described by Wooton,1974). Plasma Ca was determined by 
calorimetric method described by (Trinder, 1967). Inorganic plasma 
phosphorus was determined by the method described by (Gomori, 1942). 
Plasma glucose and plasma cholesterol were determined by enzymatic 
calorimetric methods using Kit GOD-PAP (Randox Labratoty Ltd. 
London). Plasma uric acid was measured by an enzymatic method using 
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a Kit (Plasmetec Laboratory Products Ltd.,U.K). Plasma lipids were 
determined by using method described by Frings et al., (1972). Tannin 
content was determined using method described by Price et al., (1978). 
Trypsin content was determined by using method descibed by (Ray and 
Ras (1971).  See the Appendex. 
3.2.8 Carcass processing: 
 The carcasses were washed and allowed to drain and eviscerated 
by ventral cut, liver, pancreas, heart, lung, kidney, gizzard, intestines and 
spleen were weighed. The dressing percentages were calculated on hot 
bases (hot carcass weight to live weight). Carcass characteristics and 
carcass chemical composition were determined. 
Statistical analysis: Data subjected to analysis of variance and treatments 
means compared using the Duncans, multiple range test in SPSS.  
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3.3 Results: 
Chemical composition and amino acids profiles of cowpeas seeds 
are given in tables (3.3 and 3.4), respectively. These results indicated that   
cowpea seeds contained relatively high protein (29.18%), high energy 
(2079 kcal/ kg) and high lysine level (13.80g\kg). 
3.3.1 Weekly feed intake: 
 The levels of cowpea seeds and weekly feed intake are shown in 
table (3.5). In the first week, feed intake of birds fed cowpea diets was 
not significantly different (P>0.05). The feed intake in the second week 
was significantly (P<0.05) influenced by dietary cowpea seeds.Birds fed 
on the control diet were observed to have the highest feed intake 
compared to other treatments which were similar (P>0.05).  Feed intake 
in the third week was significantly (P<0.05) reduced by dietary cowpea. 
Feed intake of the chicks fed the control diet and those fed on diet 
containing 5% cowpea seeds were significantly (P<0.05) higher than 
those fed 10 and 15% cowpea seeds.  Feed intake of the chicks fed 10% 
cowpea seeds was significantly (P<0.05) different from the control, 5 and 
15% cowpea seeds. Feed intake in the fourth week was significantly 
(P<0.05) influenced by dietary cowpea seeds. The highest feed intake 
was recorded for the control diet and 5% cowpea seeds while those fed 
10 and 15% cowpea seeds consumed least feed, the lowest level of feed 
consumption was observed for the chick fed 15% cowpea seeds which 
was significantly (P<0.05) affected by inclusion of cowpea seeds. In the 
fifth week, feed intake was significantly (P<0.05) influenced by dietary 
cowpea seeds. Birds that received the control diet, 5 and 10% cowpea 
seeds  consumed  the  highest  feed  while  the  lowest  feed  intake  was  
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Table (3.3): Chemical composition of Vigna unguiculata cowpea seeds 
Items Analysis 
Crude protein 29.18 
Crude fat 2.30 
Crude fiber 6.22 
 Ash 4.60 
Dry matter 93.63 
NFE 51.33 
 
Table (3.4): Amino acids and minerals composition of Vigna unguiculata 
seeds (g/kg) 
Amino acids (g/kg)  
Cystine 2.01 
Arginine 15.40 
Methionine 3.02 
Glutamic acid 33.77 
Threonine 9.00 
Glucine 9.81 
Alanine 8.69 
Valine 9.78 
Isoleucine 8.83 
Leuciune 14.95 
Lysine 13.80 
Methionine + cyst. 4.79 
Calcium/100g 104 mg 
Phsophorus/100g 416 mg 
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Table (3.5)  Effect of dietary levels of (Vigna unguiculuta) cowpea seeds on 
weekly feed intake of broiler chickens (g/bird). 
 
Dietary levels of (Vigna unguiculuta) seeds % 
Weeks 
A (0) B (5) C (10) D (15) 
±SE 
One 103.91a 100.01ab 100.75ab 96.98b 1.80 
Two 273.10a 218.12b 211.18b 187.95b 13.67 
Three 469.07a 473.77a 444.52b 392.25c 6.88 
Four 707.09a 670.41ab 640.89b 562.44c 16.40 
Five 846.66a 824.38a 792.29a 643.38b 21.16 
Six 876.74a 853.51ab 825.85b 751.63c 14.36 
Values are means of 60 birds/treatment (10 birds/replicate) 
abc Means with different superscripts in the same row were significantly different   
(P<0.05). 
SEM ≡ Standard error means from ANOVA of 15. 
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consumed by birds  fed  15%  cowpea seeds. At  six week  of age, feed 
intake was significantly (P<0.05) affected by dietary cowpea seeds. Feed 
intake of the birds fed the control diet was higher and similar (P>0.05) to 
those fed 5% cowpea seeds. The lowest feed was consumed by chicks fed 
on 15% cowpea seeds. Birds fed on 10% cowpea seeds consumed higher 
feed than those fed  15%.  The weekly feed consumption (g\bird\week) of 
broiler chicks as affected by different levels of cowpea seed is shown in 
Fig. (3.1). 
3.3.2 Growth performance: 
Weekly body weight gain (BWG) of broiler chicks as affected by 
inclusion of different levels of cowpea seeds is presented in table (3.6). 
Live body weight in the first, second and third week was not significantly 
(P> 0.05) affected by inclusion of cowpea seeds. In the fourth week live 
body weight was significantly (P<0.05) influenced by dietary treatments, 
the control and 5% cowpea seeds were recorded higher weights than 10 
and 15% cowpea seeds. The lowest value was observed for 15% level of 
inclusion of cowpea seeds. In 5th week the live body weight was 
significantly (P<0.05) affected by inclusion cowpea seeds. The control 
and 5% levels of cowpea seeds recorded higher weights than 10 and 
15%, while 5 and 10% cowpea seeds were not significantly (P<0.05) 
different. The lowest value of live body weight was observed for birds 
fed 15% cowpea seeds. In sixth week, the inclusion of cowpea seeds in 
broiler diets was significantly influenced (P<0.05) the live body weight. 
The higher weights were recorded for the control and 5% cowpea seeds, 
while 15% recorded the lowest live weight. At levels 5 and 10% cowpea  
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Fig (3.1): The feed intake of broiler as affected by different levels of 
cowpea seeds (%). 
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Table (3.6):  Effect of dietary levels of (Vigna unguiculuta) cowpea seeds on 
weekly body weight gain of broiler chickens (g/bird). 
 
Dietary levels of cowpea seeds % 
Weeks 
A (0) B (5) C (10) D (15) 
±SE 
One 89.76a 82.05ab 74.64b 70.85b 4.40 
Two 215.64 201.43 184.53 183.94 11.67 
Three 263.64a 251.59ab 222.69ab 203.88b 15.81 
Four 339.09a 335.79a 323.48b 242.37c 13.13 
Five 388.01a 350.38a 336.28b 265.76c 22.62 
Six 423.38a 387.03b 388.47b 301.96c 69.28 
Values are means of 60 birds/treatment (10 birds/replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 15. 
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seeds showed similar response on live body weights. In the first and 
second weeks, body weight gain was not significantly (P>0.05) affected 
by inclusion of cowpea seeds. In the third week, body weight gain was 
significantly (P<0.01) influenced by incorporation of cowpea seeds. 
Birds receiving the control diet recorded the highest body weight gain 
while the birds fed 5 and 10% levels of cowpea seeds recorded 
significantly higher (P<0.05) weight gain than those recorded for birds 
fed on 15% cowpea seeds. Body weight gain the fourth and fifth weeks 
was significantly (P<0.05) affected by the inclusion of cowpea seeds. 
Body weight gain significantly (P<0.05) decreased with increasing levels 
of cowpea seeds. However, body weight gain of birds fed the control diet 
was similar (P>0.05) to those on 5% cowpea seeds. In sixth week, body 
weight gain was significantly affected by inclusion of cowpea seeds. 
BWG of birds fed on 5 and 10% cowpea seeds was similar (P>0.05). 
Lower body weight gain was shown by birds fed on 15% cowpea seeds. 
Growth curve of broiler chicks as affected by different levels of cowpea 
seeds was shown in Fig 3.2.  
3.3.3 Weekly feed conversion ratio (FCR): 
       Values for the FCR of broiler chicks are presented in table (3.7). 
There was no significant (P>0.05) in FCR among the treatment groups 
throughout first, second, third and sixth week. In the fourth week       
FCR significantly (P<0.01) influenced by dietary treatments, it was 
significantly (P<0.05) better for birds fed the control diet than that fed on 
5, 10 and 15% cowpea seeds.  However, birds supplemented with 5% 
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Fig. (3.2): The body weight gain curve of broiler as affected by different 
levels of raw cowpea seeds (%). 
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Table (3.7): Effect of dietary levels of (Vigna unguiculuta) cowpea seeds on 
weekly feed conversion ratio FCR (g feed/g Bwt gain) of broiler 
chicks 
 
Dietary levels of cowpea seeds % 
Weeks 
A (0) B (5) C (10) D (15) 
±SE 
One 1.66 1.74 1.88 1.96 0.070 
Two 1.89 1.96 1.89 1.86 0.106 
Three 1.94 1.90 2.02 1.93 0.100 
Four 2.87a 1.94c 1.92c 2.12b 0.103 
Five 2.58a 2.70a 2.48b 2.05c 0.113 
Six 2.07 2.22 2.15 2.17 0.118 
Values are means of 60 birds/treatment (10 birds /replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 15. 
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cowpea seeds were not significantly (P>0.05) different from that fed on 
10% cowpea seeds.  
In fifth week FCR was significantly (P<0.05) affected by inclusion 
of cowpea seeds, it was significantly (P<0.05) poorest for birds supplied 
with 15% cowpea seeds than those fed the control, 5 and 10%. FCR was 
similar (P>0.05) for birds fed on control and 5% cowpea seeds. FCR for 
10% was significantly (P<0.05) different from the control, 5 and 15% 
cowpea seeds.  The weekly FCR as affected by different levels of cowpea 
seeds was shown in Fig 4.3. 
3.3.4 Weekly protein intake: 
 Protein intake of cowpea seeds is shown in table (3.8). Protein 
intake of birds fed cowpea seeds was significantly (P<0.05) different 
throughout the six weeks. In the first week, protein intake of the chicks 
fed the control diet was significantly (P<0.05) higher than those fed 5, 10 
and 15%. There was no significant (P>0.05) difference between 5 and 
10% cowpea seeds. Protein intake was significantly (P<0.05) influenced 
by corporation of 15% cowpea seeds in the diets. This treatment recorded 
the lowest protein intake value. In the second and fifth week protein 
intake was significantly (P< 0.01) affected by cowpea seeds. PI of birds 
fed the control and 5% cowpea seed were significantly (P<0.05) different 
from 10 and 15%, the former recorded higher values than the later. The 
control diet and 5% were similar (P>0.05) also 10 and 15% cowpea seeds 
were not significantly (P>0.05) different. In the third week protein  
intake  of  birds  fed  the  control  diet  and 5% were significantly    
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Fig. (3.3): The feed conversion ratio (FCR) of broiler as affected by 
different levels of raw cowpea seeds (%) 
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Table (3.8):  Effect of dietary levels of (Vigna unguiculuta) cowpea seeds on 
protein intake of broiler chickens (g/bird/week). 
 
Dietary levels of cowpea seeds % 
Weeks 
A (0) B (5) C (10) D (15) 
±SE 
One 33.45a 32.66b 32.33b 31.78c 0.146 
Two 93.72a 92.33a 79.77b 77.17b 1.82 
Three 107.88a 108.96a 102.23b 90.19c 1.58 
Four 162.62a 154.18ab 147.38b 129.35c 3.77 
Five 194.73a 189.65a 182.22b 147.97b 4.86 
Six 201.64a 196.30ab 189.94b 172.86c 3.30 
Values are means of 60 birds/treatment (10 birds/replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 15. 
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(P<0.05) affected higher than those fed 10 and 15% cowpea seeds. 
Meanwhile, protein intake of birds fed 5% cowpea seeds was not 
significantly (P>0.05) different from that of the control, the lowest 
protein intake was recorded for chicks fed 15% cowpea seeds. In the 
fourth and sixth weeks the protein intake was significantly (P>0.05) 
influenced by cowpea seeds. The protein intake of chicks fed the control 
diet and those fed on diet containing 5% cowpea seeds were significantly 
(P<0.05) higher than those fed 10 and 15% cowpea seeds. Protein intake 
of chicks fed the control diet was higher and similar (P>0.05) to those fed 
5%. The lowest protein intake was recorded for the treatment containing 
15% cowpea seeds. Five percent level of inclusion of cowpea seeds was 
similar (P>0.05) to those fed 10% cowpea seeds. The weekly protein 
intake as affected by different levels of cowpea seeds was shown in     
Fig. 3.4. 
3.3.5 Weekly protein efficiency ratio (PER): 
     Results of protein efficiency ratio of broiler chicks are given in 
table (3.9). The only significant effects (P>0.05) of cowpea seeds on PER 
was observed in the first and fourth week. In the first week,   PER for 
birds fed the control diet was significantly (P<0.05) higher compared to 
that of other groups. PER of birds fed 5 and 10% cowpea seeds was 
significantly (P<0.05) higher than thosefed on 15%. In addition, birds 
supplemented with 5 and 10% cowpea seeds were similar (P>0.05). Birds 
fed the control diet were similar (P>0.05) to those fed on 5 and 10% 
cowpea seeds. In fourth week, PER of birds fed the control diet was 
significantly (P<0.05) different and higher than those fed 5, 10 and 15% 
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 Fig. (3.4): The protein intake of broiler as affected by different levels of 
cowpea seeds (%). 
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Table (3.9): Effect of dietary levels of (Vigna unguiculuta) cowpea seeds on 
weekly protein efficiency ratio PER (Bwt gain/protein consumed) of 
broiler chicks. 
 
Dietary levels of cowpea seeds % 
Weeks 
A (0) B (5) C (10) D (15) 
±SE 
One 2.66a 2.50ab 2.30ab 2.22 0.134 
Two 2.29 2.26 2.30 2.27 0.134 
Three 2.27 2.31 2.17 2.25 0.115 
Four 2.37a 2.25b 2.28b 2.05c 0.125 
Five 1.68 1.60 1.77 1.63 0.079 
Six 2.09 1.97 2.03 1.97 0.112 
Values are means of 60 birds/treatment (10 birds/replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 15. 
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cowpea seeds. Birds supplemented with 5 and 10% cowpea seeds were 
similar (P>0.05), whereas birds fed 15% was significantly (P<0.05) 
different from either those on 5 or 10%. 
3.3.6 Overall performance: 
 Overall performance as affected by inclusion of different dietary 
levels of cowpea seeds is shown in table (3.10). The feed intake was 
significantly (P<0.05) affected by dietary treatments. Birds fed the 
control diet and 5% cowpea seeds consumed significantly (P<0.05) 
higher feed than those fed 10 and 15%.  Birds supplemented with 15% 
cowpea seeds were significantly (P<0.05) consumed less feed than the 
other dietary treatments. The overall weight gain was decreased 
significantly (P<0.05) as dietary cowpea seeds level increased. 
Cumulative FCR was not affected (P>0.05) by the dietary treatments. 
 The protein intake was decreased significantly (P<0.05) as dietary 
inclusion of cowpea seeds increased.  
 The PER was significantly (P<0.05) affected by inclusion of 
different levels of cowpea seeds. It was highest in chicks fed the control 
diet. Similar values (P>0.05) observed in chicks fed 5, 10 and 15% 
cowpea seeds. Overall performance in starting  and finishing periods was 
presented in table (3.11). 
3.3.7 Plasma constituents: 
  Results of the effect of the inclusion of different levels of cowpea 
seeds on plasma constituents are shown in table (3.12).   
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Table(3.10): Effect of dietary levels of cowpea (Vigna unguiculuta) 
seeds on overall performance of broiler chicks. 
Dietary levels of cowpea seeds as % 
Constituents 
0(A)  5(B)  10 (C ) 15(D)  
±SE 
Feed intake (g/bird) 3276.6a 3140.2ab 3015.5b 2634.6c 39.22 
Body wt. gain (g/bird) 1709.5a 1578.3b 1530.1b 1268.8c 23.13 
FCR (g fee/Bwt gain) 2.00a 2.1a 1.9a 1.9a 0.08 
Protein intake (g/bird) 794.0a 774.1b 733.9b 649.3c 15.42 
PER (Bwt gain/protein 
consumed) 2.6
a 2.1bc 2.3b 2.1bc 0.06 
Mortality 2.0a 2.0a 1.0a 2.0a 0.046 
 
Values are means of 60 birds/treatment (10 birds /replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 15. 
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Table (3.11): Effect of dietary levels of cowpea seeds on overall broiler 
performance during the starter and finisher period 
Cowpeas dietary levels% 
Week Parameters 
Control  
(A) 5 (B) 10 (C) 15 (D) 
+SEM 
Feed intake 
(g/bird) 846.08
a 791.90a 756.45b 667.18c 10.61 
BWG  (g/bird) 569.04a 535.07ab 481.86c 458.67d 11.70 
FCR (kg 
feed/kg BWG) 1.48
a 1.47a 1.56a 1.47a 0.04 
P1 (g/bird) 235.05a 233.95a 214.33b 199.14c 13.09 
1 – 3 
PER (BWG/P 
consumed) 2.42
a 2.28a 2.24a 2.30a 0.03 
Feed intake 
(g/bird) 2430.49
a 2348.3a 2259.03b 1957.45c 42.16 
BWG  (g/bird) 1150.48a 1073.2b 1048.23b 810.09c 29.81 
FCR (kg 
feed/kg BWG) 2.80
a 2.18c 2.10c 2.41b 0.08 
P1 (g/bird) 558.99a 540.13a 519.54b 450.18c 9.70 
1 – 6 
PER (BWG/P 
consumed) 2.05
a 1.98b 2.01a 1.79c 0.05 
Values are means of 60 birds/treatment (10 birds/replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 15. 
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Table (3.12): Effect of  dietary levels of cowpea (Vigna unguiculuta) 
seeds on plasma constituents of broiler chicks. 
Dietary levels of cowpea seeds as% 
Constituents 
0(A)  5(B)  10(C ) 15(D)  
±SE 
Haemoglobin % 70.0a 68.5b 69.2ab 66.5c 0.36 
Ca mg/dl 10.9a 10.0b 10.9a 7.3c 0.29 
Na mEq/L 179.2b 189.3a 180.1b 173.1c 3.11 
K mEq/L 5.1a 4.8b 4.8b 3.5c 1.31 
Total protein (g/dl) 7.14a 6.75a 5.10b 3.08c 0.22 
Albumin (g/dl) 4.8a 4.2ab 4.2b 2.1c 0.20 
Globulin (g/dl) 3.1a 2.8b 1.9c 1.9c 0.05 
Cholesterol (mg/dl) 216.8a 208.1a 189.6b 168.2c 4.87 
Uric acid (mg/dl) 2.9b 2.8cb 2.9b 3.6a 1.20 
Glucose (mg/dl) 195.2a 193.4a 180.2b 184.2b 4.32 
Total lipids (mg/g) 352.8 349.8 368.0 371.4 14.57 
Pi mg/dl 6.1a 5.5a 5.9a 5.7a 0.23 
Values are means of 18 birds/treatment (3 birds /replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 51. 
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Plasma Ca, Na, K total protein, haemoglobin, albumin, globulin, 
glucose and cholesterol were significantly (P<0.05) depressed as the 
level of cowpea seeds increased. The lowest levels of these constituents 
were observed for birds those fed 15% cowpea seeds. Uric acid was 
significantly (P<0.05) influence by dietary treatments. Birds fed on 15% 
cowpea seeds were recorded the higher level of uric acid than the others 
groups.  
Blood phosphorus and total lipids were not significantly (P<0.01) 
influenced by dietary treatments.    
3.3.8 Internal organs weights: 
 Results of the effect of dietary treatment on internal organ of 
broiler chicks were shown in table (3.13). The liver, pancreas,  and 
gizzard weights were significantly (P<0.01) affected by inclusion of 
cowpea seeds. The highest weights were observed in birds fed 15% 
cowpea seeds. They were significantly different (P<0.01) from others 
groups. Spleen, kidney, heart lung, small intestine and large intestine 
were not significantly affected (P>0.05) by cowpea seeds inclusion. 
Variations in weights of pancreas, liver and gizzard between different 
treatments presented in plates 2, 3, 4, and 5 for the control, 5, 10 and 
15% cowpea seeds, respectively.  
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Table (3.13): Effect of dietary levels of cowpea (Vigna unguiculuta) 
seeds on internal organs relative weights of broiler 
chicks 
Dietary levels of cowpea seeds as %     Constituent            
(Relative weight)  0(A)  5(B)  10 ( C) 15(D)  
±SE 
Liver 3.60c 3.85b 3.88b 4.45a 0.040 
Pancreas 0.40b 0.41b 0.48a 0.49 a  0.010 
Spleen 0.02a 0.02a 0.02a 0.02a 0.008 
Heart 0.45a 0.46a 0.45a 0.46a 0.007 
Lung 0.05a 0.05a 0.04a 0.04a 0.004 
Kidney 0.63a 0.61a 0.63a 0.62a 0.020 
Gizzard 4.15c 4.23c 4.49b 5.03a 0.060 
Small intestine (g/cm) 0.40a 0.40a 0.40a 0.40a 0.007 
Caecum weight (g/cm) 1.00a 0.96a 0.95a 1.00a 0.030 
 
Values are means of 18 birds/treatment (3 birds /replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 51. 
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Plate (2): Digestive system of birds fed the control diet. 
1- Gizzard 
2- Liver 
3- Intestine 
4- Cloaca 
5-  Caecum 
6- Dudenum 
7-  Panceas 
8- Gall bladder 
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 Plate (3): Digestive system of birds fed 5% cowpea seeds 
1- Gizzard 
2- Liver 
3- Small intestine 
4- Large intestine 
5- Cloaca 
6- Caecum 
7-  Dudenum 
8-  Pancreas 
 
 
 
 58
 
Plate (4): Digestive system of birds fed 10% cowpea seeds 
1- Gizzard 
2- Liver 
3- Intestine 
4- Cloaca 
5- Pancreas 
6- Dudenum 
7- Spleen 
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Plate (5): Digestive system of birds fed 15% cowpea seeds 
1- Liver 
2- Pancreas 
3- Spleen 
4- Gizzard 
5- Intestine  
6- Cloaca 
7- Dudenum 
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3.3.9 Carcass weights:  
 Results of carcass weights of broiler chicks are given in table 
(3.14). Live weights, carcass weights, breast weights total breast meat, 
thighs and drum sticks total, thighs and drum sticks meat were 
significantly (P< 0.05) affected by inclusion of cowpea seeds. Birds fed 
the control diet and 5% were significantly (P<0.05) higher than those fed 
on 10 and 15%. The lowest weights of the carcass were observed on 
birds fed 15% cowpea seeds. Meat % and bone % of the breast, the meat 
% and bone % of thigh and drum stick were significantly  (P<0.05) 
affected by cowpea seeds inclusion. Birds fed the control diet, 5 and 10% 
weighed significantly (P<0.01) higher weights than those fed 15% 
cowpea seeds. The lowest weights were observed for birds that fed 15% 
cowpea seeds. In addition, birds supplemented with 5 and 10% cowpea 
seeds and the control diet were similar (P>0.05). 
 Dressing % was significantly (P<0.05) influenced by cowpea seeds 
inclusion. Birds fed on the control diet and that fed on 5% cowpea seeds 
were significantly (P<0.05) higher than those fed 10 and 15% cowpea 
seeds. Ten percent level of cowpea seeds was significantly  (P<0.05) 
different from 5 and 15%, whereas birds fed 5% was not significantly 
(P> 0.01) different from the control diet. 
3.3.10 Carcass chemical composition: 
 Results of the effect of inclusion of different levels of cowpea 
seeds on chemical composition of carcass are shown in table (3.15). 
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Table (3.14): Effect of  dietary levels of cowpea (Vigna unguiculuta) 
seeds on carcass weights of broiler chicks. 
Dietary levels of cowpea seeds as% 
Parameters 
0(A)  5(B)  10( C)  15(D)  
±SE 
Live weights (g) 1757.6a 1704.7a 1637.6b 1410.00c 22.38 
Carcass weights (g) 1169.6a 1114.9a 1030.8b 887.6c 22.57 
Breast weights total (g) 360.2a 347.6a 316.4b 260.20c 7.92 
Breast meat (g) 300.2a 294.8a 263.2b 204.2c 6.83 
Breast weight meat % 83.34a 84.77 a 83.19a 80.51 b 2.31 
Breast Bone % 16.66b 15.2c 16.80b 19.48a 1.41 
Thigh + drumstick total (g) 368.92a 368.16a 342.87b 298.77c 6.31 
Thigh + drumstick meat 273.23a 272.45a 251.55b 202.31c 4.85 
Thigh + drumsticks meat% 74.1a 74.0a 73.4a 69.3b 6.11 
 Thigh Bone % 25.9b 25.9b 26.6b 30.7a 2.72 
Dressing % 66.5a 65.5a 62.9b 62.9b 1.02 
Values are means of 18 birds/treatment (3 birds /replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 51 
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Table (3.15): Chemical composition of carcass parts of broiler chicks 
fed dietary levels of cowpea (Vigna unguiculuta). 
Breast Thigh and drumstick Dietary levels of cowpea seeds as 
(%) Moist. P % EE Ash Moist. P % EE Ash
                     0 (A) 73.87 24.38a 1.68 0.89 73.22 21.04 1.78 0.96
                     5 (B) 73.26 21.78b 1.76 0.91 73.49 21.48 1.69 0.92
                    10 (C) 71.79 21.57b 1.78 0.0 74.95 21.03 1.76 0.88
                    15 (D)  71.38 21.54b 1.78 0.83 72.81 21.02 1.71 0.92
                + SEM 0.61 0.32 0.048 0.034 0.57 0.37 0.03 0.03
 
Values are means of 18 birds/treatment (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 51. 
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Moisture content, EE and the ash of both breast and drum sticks were not 
significantly (P>0.05) influenced by dietary treatments. Protein of breast 
was significantly (P<0.05) affected by cowpea seeds. Birds fed on the 
control diet recorded the highest value of protein, while the drum protein 
was not significantly (P>0.01) influenced by dietary treatments.  
3.4 Discussion: 
 Chemical composition of Vigna unguiculuta cowpea seeds 
revealed that it had higher crude protein (29.18%) and lower ether extract 
(1.5) compared to that evaluated by Silvio et al. (2007). The amino acids 
profile of cowpea seeds in the present study was equal to that obtained by 
Teguia (2002) and Onigbinde et al. (1990). Vigna unguiculuta seeds as 
compared to NRC (1994) revealed its reasonable content of crude 
protein, total phosphorus,  higher carbohydrates content, Ca, K and ME. 
The nutritional value of cowpea seeds depends on cultivars and 
geographical location (Imrie, 1998).  
 Regarding the effect of different levels of cowpea seeds on overall 
performance of broiler chicks, feed intake was reduced as the level of 
inclusion increased. These results are in agreement with the finding of Iji 
et al. (2004) and Mahmood (1997) who reported that reduction in feed 
consumption with dietary levels of 2.0 and 2.5% of condensed tannin 
was observed. They attributed this reduction to the tannins which are 
complex glycoproteins with some of the saliva; such complex causes a 
sensation astringent in the oral cavity, which greatly reduced palatability 
and hence consumption. On the other hand, the decrease in consumption 
could also be associated with a lower digestibility caused by the presence 
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of tannin, this ascription by Silvio et al., (2007). Body weight gain was 
depressed at 15% cowpea seeds, these results are in agreement with the 
findings of Teguia and Beynen (2005) who reported that higher inclusion 
levels of cowpea seeds would limit the utilization of legume due to the 
presence of anti-nutritional factors. This statement is supported by 
previous reports showing that legume seeds may contain variable 
amounts of the protease inhibitors, trypsin, chymotrypsin and 
phytohaem-agglutinins (D'Mello, 1995; Wiseman, 1995). These findings 
coincided with that reported by Teguia et al. (2003) who attributed the 
depression in growth to the presence of protease inhibitors as they 
interfere with the digestion of proteins. 
 The decrease in body weight gain for groups fed 10 and 15% 
cowpea seeds diets is possibly related to the inadequate consumption of 
necessary essential nutrients, proteins and essential amino acids. This is 
in agreement with the results of Scott et al. (1982), who attributed the 
reduction in weight gain of broilers fed on legumes to inadequate protein 
and essential amino acids. Moreover, chelation of phosphorus and protein 
by phytate may have a detrimental effect on body weight gain. A 
decrease in digestibility causes body weight gain reduction. Moriss 
(1987) attributed this to the diet of broilers containing 2% condensed 
tannins, when the utilization of more essential amino acids became 
impossible because the activity of digestive enzymes reduced, therefore, 
the growth deteriorating. 
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 Results indicate that the inclusion of cowpea seeds in broiler diet 
did not affect the feed conversion ratio in the first week. This is 
coincided with the findings of Silvio et al. (2007) who attributed this to 
the fact that broilers during the first three days of life get a considerable 
amount of nutrients from his sack vitelino whose reabsorption is 
completed in the first week. Also, the results observed in this study show 
that the greater inclusion of dietary cowpea seeds (15%) resulting in 
poorest feed conversion ratio in 5th week. This finding disagree with 
Mahmood (1997) who reported that greater inclusion of cowpea seeds in 
broiler diet (15%) resulting in the highest FCR. Silvio et al., (2007) 
attributed this to the levels of tannins observed in 15% cowpea seeds. 
Overall FCR in our study was not affected by the inclusion of cowpea 
seeds in broiler diets. 
 Results in this study indicate that the inclusion of cowpea seeds in 
poultry diet in 15% level reduces protein intake. This statement is 
supported by previous reports showing that legume seeds may contain 
variable amounts of the protease inhibitors, trypsin, chemotrypsin 
(D'Mello, 1995; Wiseman, 1995). This coincides with the finding of 
Teguia et al. (2003), who attributed the reduction in protein intake to the 
presence of protease inhibitors as they interfere with the digestion of 
protein PER for birds supplemented with the control diet was similar 
compared to the other groups excepts that for birds fed 15% cowpea 
seeds, which was considered as the poorest one. The better improvement 
in the performance of broiler chicks fed 5 and 10% cowpea seeds  
coincides with the finding of Tshovhote et al. (2003) who attributed this 
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improvement to the quality of dietary protein, which enhanced as a result 
of the combination of more than one source of protein.  
 Regarding the effect of different levels of cowpea seeds on plasma 
constituents, reduction in plasma protein was observed in the present 
study. Plasma protein was significantly (P<0.05) decreased when the 
level of cowpea seeds increased, this is in agreement with Kawamoto     
et al. (1996) who explained this in part as a direct consequence of the 
effect of condensed tannins in reducing the digestibility of the protein 
diet. Plasma albumin was significantly (P<0.05) influenced by cowpea 
seeds inclusion, when the value of albumin decreased as the level           
of inclusion increased. This result coincides with the findings of      Al-
Homidan et al. (2006), their findings indicated a significant reduction in 
the concentration of plasma albumin as a direct result of anti-nutritional 
factors present in diet containing 2% above cowpea seeds. The same 
authors observed liver and kidney injuries in this group of chickens. Lji 
(2004) attributed this reduction to the liver and kidney disorders, 
nutritional deficiencies (quantity and quality of dietary protein) and acute 
disease states. Albumin is synthesized in the liver and represents the 
largest plasma protein fraction of the birds. Low plasma concentrations 
of albumin have been liked to the liver and kidney disorder (Mitruka et 
al., 1977). Haemglobin percentage, globulin, glocuse and cholesterol in 
the present study decreased when the level of inclusion of cowpea seeds 
increased. These constituents were significantly (P<0.05) influenced by 
dietary treatments. These findings are supported by Meluzzi et al., (1992) 
who attributed this reduction to the liver disorder. Plasma electrolytes, 
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Ca, Na and K were significantly (P<0.05) affected by inclusion of 
cowpea seeds, their levels decreased with legume increment. This 
explained by Oberleas et al. (1981) who reported that the absorption of 
Ca, K, Na and Zinc may be unavailable in feeds containing high levels of 
phytate binding. Phosphorous concentration and total lipids were not 
affected by the dietary treatments. Our results indicated that uric acid 
concentration increased as the level of cowpea seeds increased in the 
diet. This result coincided with Akinola and Abiola (1990) findings, they 
attributed this increment of serum uric acid as might be a result of poor 
dietary protein utilization. 
 Relative weights of liver, pancreas and gizzard were increased 
significantly (P<0.05) as the level of cowpea seeds increased in spite of 
the fact that the chicks grew more slowly, while the weight of kidney, 
lung, spleen and intestines were not significantly (P>0.05) affected by 
dietary treatments.  These observations corroborate previous findings by 
Ologhobo and Fetuga (1983), who attributed the increment of liver 
weight to the accumulation of ANFs which causes disorders of liver 
functions. The increases in gizzard and pancreatic weights may represent 
greater work of digestion and metabolism by these organs in the prossing 
of cowpea seeds and the presence of fibers may make the musculature of 
gizzard work harder. The increase in the pancreatic size may represent 
greater exocrine excretions of digestive enzymes to process the poorly 
digestible protien of raw cowpea seeds due to the presence of trypsin 
inhibitors (Del German et al., 1999) 
 Regarding the carcass weights, carcass characteristics of birds fed 
on 15% cowpea seeds were the poorest compared with dietary treatments 
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5, 10% and the control diet. Dressing percentage was reduced as the level 
of inclusion of cowpea seeds increased. These results agree with previous 
studies on broilers chicks (Adewale et al., 2007) and coincide with the 
studies on rabbits carcass characteristics (Lyayi and Odueso, 2003; 
Amaefule et al., 2005). According to the statistical analysis done to 
evaluate the chemical composition of the carcass of broiler chickens fed 
on different levels of cowpea seeds, no significant (P>0.05) differences 
were detected between the treatments studied during 6 weeks except 
breast protein which observed to be higher in birds fed on the control 
dietand this might be due to the good protein digestibility. 
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CHAPTER FOUR 
EXPERIMENT TWO 
Effect of  Dietary Treated  Cowpea (Vigna unguiculata) 
Seeds on Broiler Performance, Internal Organs 
Weights and Plasma Constituents 
 
4.1 Introduction: 
 Protein feed sources in the Sudan are either of plant or animal 
origin. The main sources of plant protein include groundnut cake, 
sesame, cotton seed and sunflower cakes. Recently, some legumes such 
as pigeon pea, cowpea and chickpea are included in poultry diets. 
However, the use of legumes as a component of poultry diets has been 
limited by the content of anti-nutritional factors. Ologhobo et al. (1993) 
revealed that inclusion of unprocessed plant proteins in diets of growing 
animals leads to significant impairment of growth and other undesirable 
physiological and biochemical alterations. This was attributed to the 
presence of toxic factors and ANFs in the seeds (Liener, 1980). Many 
efforts have been made to detoxify ANFs through the application of heat 
and other processes. 
 Processing techniques are effective ways of achieving desirable 
changes, removal of undesirable components and effective utilization of 
the full potential of legumes as feed stuff (Gloria et al., 1985). Enzymes 
supplementation is one of the chemical treatment used to improve 
digestibility of broiler chicken (Igbasan and Guenter 1997b). 
 Jibaja et al. (1998) included that, roasting increased the net protein 
ratio values of cowpea and decreased trypsin inhibitors activities, where 
as tannins decreased slightly by 38%. It was observed that de-cortication, 
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roasting and microwave treatments inactivated 58 to 71% of the tannins, 
but increased IVPD by only 1%. All the heat treatments were effective in 
removing or inactivating polyphenol in cowpea seeds, therefore, the 
objective of the present study was to evaluate the effect of treatment of 
cowpea seeds and enzymes supplementation on performance, internal 
organs weights, plasma constituents, carcass quality and  carcass 
chemical composition of broiler chickens.   
4.2 Materials and Methods: 
4.2.1 Experimental site and duration: 
 Experimental site and duration as described in experiment one 
chapter 3, section 3.2.1. 
4.2.2 Experimental birds: 
 Total of 240 unsexed day old broilers chicks ( Ross 308 ) were 
used in this experiment as described in experiment one, section 3.2.2.  
4.2.3 Experimental house: 
 Experimental house was an open sided poultry house (6 x 5 m) as 
described in experiment one, section 3.2.4. 
4.2.4 Experimental diets: 
 Cowpeas seeds used in this study were purchased from local 
market (Plate 1) chapter 3, section 3.2.4 then divided into four equal 
parts.  
4.2.4.1 Preparation of raw and treated cowpeas seeds: 
i. The raw cowpeas seeds were milled using a local grinder. 
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ii. Raw cowpeas seeds were decorticated mechanically, there after 
sieved so as to remove the seed coat leaving behind the smooth 
seed sample as shown in Plate (2).  
iii. The de-corticated cowpeas seeds were roasted by using electrical 
furnace. Roasting process was carried out at temperature of 120oC 
for 30 minutes, the seeds were continually stirred until a 
characteristics slightly brown coloured seeds was obtained. 
Roasting process were carried out after decortication (Plate 3).  
4.2.4.2 Rations formulation: 
 Four experimental diets were formulated with the same level of 
cowpeas seeds (15%). 
Ration A contained (15%) raw cowpea seeds as control. 
Ration B contained (15%) decorticated cowpea seeds (Plate 6) 
Ration C contained (15%) decorticated-roasted seeds (Plate 7) 
Ration D contained (15%) untreated  cowpea seeds supplemented with 
0.25g/ kg multi enzymes ( Pentosanase, Endo-1,4-B-Xylanase,Cellulase, 
Alpha-Amylase, Protease and Hemicellulase).  
 The composition of the experimental starter diets is shown in table 
(4.1). These diets were formulated to meet the nutrients requirements of 
broiler chicks as out lined by the National Research Council (NRC, 
1994). The calculated and actual chemical analysis of starter diets were 
also shown.  Finisher diets ingredients were shown in table (4.2). The 
calculated and chemical analysis of finisher diets were also presented.  
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Plate (6): Decorticated cowpea seeds 
 
Plate (7): Decorticated-roasted cowpea seeds 
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Table (4.1): Composition of experimental broiler starter diets containing  cowpea 
(Vigna unguiculata) seeds with different treatments.                                                
Dietary cowpea seeds with different treatments 
Ingredient Raw        
(A) 
Decorticated  
(B) 
Decorticated   
roasted      
(C) 
Enzymes    
(D) 
Sorghum  60.86 60.86 60.86 60.86 
Groundnut meal 15.90 15.90 15.90 15.90 
Br. Super concentrate*1 5 5 5 5 
Raw cowpea !5 - - 15 
Decorticated cowpea - 15 - - 
Enzyme - - - 0.25 
Dicalcium phosphate 1.1 1.1 1.1 1.1 
Salt 0.25 0.25 0.25 0.25 
V. oil 1.75 1.75 1.75 1.75 
Methionine 0.14 0.14 0.14 0.14 
Calculated analysis     
Me (Mj/kg) 12.81 12.62 12.72 12.81 
Crude protein 23.58 23.97 24.60 23.58 
Crude fat 3.10 2.80 3.20 3.10 
Crude fiber 4.22 3.24 4.01 4.22 
Calcium 1.07 1.20 1.07 1.07 
Av. Phosphorus 0.47 0.49 0.48 0.47 
Methionine 1.00 1.00 1.00 1.00 
Determined analysis     
Dry matter 95.45 95.18 96.89 95.45 
Crude protein 22.99 23.07 23.78 22.69 
Ether extract 7.50 7.80 7.40 7.50 
Crude fiber 7.27 6.24 7.18 7.27 
Nitrogen free extract 50.35 50.81 50.85 50.65 
*2ME (Mj/kg) 13.76 12.23 12.87 11.76 
Ash 7.34 7.26 7.68 7.34 
*1CP 40%, ME 2000 kcal/kg, C. fiber 3%, EE 3% Ash 34%, Ca, 8% Av.P 1.38% 
Lysine 12%, Methionine 3%, Methionine + cystine 3.5%, Vitamin A 250000 IU/kg, 
Vitamin D3 50000 IU/kg, Vitamin E 500 Mg/kg, Vitamin K3 6 Mg/kg, Vitamin 
B1/thiamin 20 Mg/kg, Vitamin B2/riboflavin 100 Mg/kg, Lysine 12%, Methionine 
3%, Copper 120 Mg/kg, Zinc 1000 Mg/kg, Iodine 6 Mg/kg, Vitamin C 4000 Mg/kg, Folic 
acid 30 Mg/kg, Iron 800 Mg/kg, Manganese 1400 Mg/kg, Cobalt 12 Mg/kg, Niacin 
vitamin pp. 600 Mgkg, Pantothenic acid/vitamin B3 160 Mg/kg, Vitamin 
B6/pyridoxine 40 Mg/kg, Vitamin B12 300 Mcg/kg, Biotin/vitamin H 2000 Mcg/kg, 
Coline 10000 Mg/kg, Copper 120 Mg/kg, Zinc 1000 Mg/kg, Iodine 6Mg/kg, 
Selenium 3 Mg/kg  
*2Metabolizable energy is calculated according to the equation of Iodhi et al. (1976) 
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Table (4.2): Composition of experimental broiler finisher diets  of cowpea (Vigna 
unguiculata) seeds with different treatments                                             
Dietary cowpea seeds with different treatments     
Raw (A)  Decorticated  (B) 
Decorticated 
roasted 
(C) 
Enzymes     
(D) 
Sorghum  60.86 60.86 60.86 60.86 
Groundnut meal 13.90 12.3 13.2 13.9 
Wheat bran 2.0 3.6 2.7 2.0 
Super concentrate*1 5 5 5 5 
Raw cowpea seeds !5 - - 15 
Decort. Cow pea - 15 - - 
Decort. roasted seeds - - 15 - 
Enzyme - - - 0.025 
Dicalcium phosphate 1.13 1.91 1.9 1.13 
Salt 0.25 0.25 0.25 0.25 
V. oil 1.72 0.95 0.97 .72 
Methionine 0.14 0.13 0.12 0.14 
Calculated analysis (%)     
ME (Mj/kg) 12.81 12.60 17.72 12.81 
Crude protein 18.32 20.14 19.97 18.32 
Crude fat 3.10 2.8 3.2 3.1 
Crude fiber 4.56 3.72 4.60 4.56 
Calcium 1.07 1.2 1.01 1.07 
Av. Phosphorus 0.47 0.49 0.46 0.47 
Methionine 0.39 0.46 0.48 0.39 
Lysine 1.00 1.00 1.10 1.0 
Determined analysis   
Dry matter 95.45 95.18 95.89 95.45 
Crude protein 20.21 21.35 20.15 19.21 
Ether extract 3.77 3.81 3.65 3.77 
Crude fiber 4.72 4.63 4.57 4.72 
Nitrogen free extract 59.57 58.19 59.35 59.95 
*2ME (Mj/kg) 12.76 13.23 12.82 12.76 
Ash 7.18 7.20 8.17 7.80 
*1CP 40%, ME 2000 kcal/kg, C. fiber 3%, EE 3% Ash 34%, Ca, 8% Av.P 1.38% 
Lysine 12%, Methionine 3%, Methionine + cystine 3.5%, Vitamin A 250000 IU/kg, 
Vitamin D3 50000 IU/kg, Vitamin E 500 Mg/kg, Vitamin K3 6 Mg/kg, Vitamin 
B1/thiamin 20 Mg/kg, Vitamin B2/riboflavin 100 Mg/kg, Lysine 12%, Methionine 
3%, Copper 120 Mg/kg, Zinc 1000 Mg/kg, Iodine 6 Mg/kg, Vitamin C 4000 Mg/kg, 
Folic acid 30 Mg/kg, Iron 800 Mg/kg, Manganese 1400 Mg/kg, Cobalt 12 Mg/kg, 
Niacin vitamin pp. 600 Mgkg, Pantothenic acid/vitamin B3 160 Mg/kg, Vitamin 
B6/pyridoxine 40 Mg/kg, Vitamin B12 300 Mcg/kg, Biotin/vitamin H 2000 Mcg/kg, 
Coline 10000 Mg/kg, Copper 120 Mg/kg, Zinc 1000 Mg/kg, Iodine 6 Mg/kg, 
 Selenium 3 Mg. 
*2Metabolizable energy is calculated according to the equation of Iodhi et al. (1976) 
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4.2.5 Management: 
 The management as described in chapter, section 3.2.5. 
4.2.6 Experimental procedures: 
 Experimental procedures as described in chapter 3, section 3.2.6. 
4.2.7 Collection of blood samples: 
 Blood samples collection as described in chapter 3, section 3.2.7. 
4.2.8 Carcass processing: 
 Carcass were washed and allowed to drain, all processing steps as 
described in chapter 3, section 3.2.8. 
Statistical analysis: Data were subjected to analysis of variance and 
treatments means compared using the Duncans, multiple range tests in 
SPSS.  
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4.3 Results: 
4.3.1 Chemical analysis of treated cowpea seeds: 
 Chemical analysis, tannin content and trypsin inhibitors content of 
treated cowpeas seeds are given in table (4.3). As a result of 
decortication, tannin content decreased by 98%.  Roasting decreased 
trypsin inhibitors by 56%. Dec-corticated roasted seeds contain 0.005% 
tannin. 
 Primary differences were noted in chemical and anti-nutritional 
factors contents of (Vigna unguiculuta) cowpea seeds. Raw cowpea seeds 
contain (29.18%) crude protein. This legume contained substantial 
quantities of anti-nutritional factors which limit its inclusion in poultry 
diet. Therefore, treatment must be done to reduce these toxicants. In the 
present study roasting at 120oC for 30 minutes reduced trypsin   
inhibitors  and  tannins  contents, but  left  residual  amount  of  these two 
ANFs. Dehulling resulting in high concentration of crude protein reduced 
the tannin contents and crude fiber. The results of the present study 
confirmed the well established view that dehulling legume seeds lead to 
high recovery of trypsin inhibitors activity in the cotyledons (Vanderpod, 
1989).    
4.3.2 Weekly feed intake FI: 
Feed intake (g/bird/week) as affected by dietary processed cowpea 
seeds  was illustrated in table (4.4). In the first week there was significant 
(P<0.05) differences in average weekly feed intake among raw, 
decorticated and decorticated roasted cowpea seeds included in the diet. 
The  highest  feed  intake  observed for birds that fed raw cowpea seeds  
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Table (4.3): Chemical analysis of raw and treated cowpeas seeds % 
Items (%) 
Treatment 
Raw seeds   Decorticated seeds 
Decorticated 
roasted 
Dry matter  93.63 94.33 95.9 
Protein 29.18 31.80 29.73 
Ash 4.60 4.00 5.52 
Fiber 6.22 3.75 4.32 
Etherextract 2.30 2.50 1.60 
Tannin (%) 0.76 0.02 0.005 
Trypsin (mg/g) 1.68 0.30 0.74 
NEF  51.33 52.28 54.73 
Analyzed by lab. of animal nutrition, Faulty of Agriculture, University of Ain Shams 
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Table (4.4): Effect of  dietary treated cowpea (Vigna unguiculuta) seeds on 
weekly feed intake of broiler chicks (g/bird/week). 
 
Dietary cowpea seeds with different treatments  
Weeks Raw 
(A) 
Decorticated 
(B) 
Decorticated 
roasted   
 (C ) 
Enzymes   
(D) 
±SE 
One 139.51c 143.43bc 145.27b 150.78a 1.62 
Two 335.79c 372.53b 397.28b 430.33a 10.31 
Three 361.45b 485.53a 502.72a 530.72a 17.87 
Four 564.82b 592.54b 606.18b 796.83a 32.42 
Five 668.02c 784.48b 811.89b 866.80a 13.30 
Six 764.00b 851.53a 877.80a 895.94a 15.25 
 
Values are means of 6 replicates per treatment. 
abcd Means with different superscript in the same row were significantly different 
SEM: Standard error of the means from ANOVA df 
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supplemented with enzymes compared to others in which the birds fed 
decorticated and decortcated roasted seeds  their feed intake were similar 
(P>0.05). Feed intake in the second week was significantly (P<0.05) 
influenced by dietary treatments. The highest value was observed for the 
birds fed on enzyme treated cowpea seeds and the lowest value recorded 
for birds fed on raw seeds while the others groups were similar (P>0.05). 
In week three F1 was significantly (P<0.05) affected. The lowest value 
observed for birds fed on raw cowpea seeds, it was significantly (P<0.05) 
different from others which were similar  (P>0.05). In week four, the diet 
supplemented with enzyme was significantly (P<0.05) higher than that of 
others treatments which were not statistically (P>0.05) different. In week 
five feed intake of bird fed on decorticated and decorticated roasted seeds 
were not significantly  (P>0.05) different. The highest feed intake was 
recorded for birds given enzyme treated cowpea seeds, it was 
significantly (P<0.01) different from others. The lowest value observed 
for birds those fed raw seeds. In the last week (6th week), the feed intake 
was the same (P>0.05) between the decorticated, decorticated roasted 
and that supplemented with enzymes. Feed intake of birds fed on raw 
seeds was found to be the lowest.  The weekly feed intake of broilers as 
affected by treatment of cowpea seeds and enzyme addition was shown 
in Fig 4.1. 
4.3.3 Growth performance (BWG):  
Weekly body weight gain of broiler chicks as affected by dietary 
treated cowpea seeds is presented in table (4.5). 
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Fig. (4.1): Feed intake (g/bird) of broilers chicks as affected by treatment 
of cowpea seeds and enzyme supplementation. 
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Table (4.5): Effect of dietary treated cow cowpeas (Vigna unguiculuta) seeds on 
weekly body weight gain (g/bird). 
 
Dietary cowpea seeds with different treatments 
Weeks Raw 
(A) 
Decorticated 
(B) 
Decorticated 
roasted       
(C) 
Enzymes 
(D) 
±SE 
One 80.35b 82.39b 89.53ab 98.70a 3.14 
Two 195.46b 212.58ab 215.27ab 248.58a 15.75 
Three 212.47b 254.03ab 262.41ab 275.94a 16.14 
Four 222.17c 354.02b 383.48b 392.77a 10.60 
Five 293.58b 373.68a 386.45a 491.64a 16.29 
Six 351.57b 382.24b 424.85b 535.32a 30.99 
Values are means of 60 birds/treatment (10 birds/replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 15. 
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 The average weight gain for chicks fed raw, treated and enzyme 
treated cowpea seeds was significantly (P<0.05) affected .During the first 
week, birds fed on enzyme treated cowpea seeds recorded significantly 
(P<0.05) higher BWG compared to others which were similar (P>0.05). 
Decorticated-roasted seeds was not statistically different from that 
supplemented with enzymes. In the second and third weeks, birds given 
decorticated and decorticated roasted seeds observed to have similar  
(P<0.05) BWG which were lower than that of birds fed enzyme treated 
cowpea seeds. The lowest value recorded for birds consumed raw seeds. 
Body weight gain was significantly (P<0.05) influenced by dietary 
treatments during fourth week. Enzyme treated seeds recorded higher 
BWG compared to others in which decorticated and  decorticated  
roasted  were  similar  (P>0.05). The  lowest  BWG recorded for birds 
those fed raw seeds. It was significantly (P<0.05) different from other 
dietary treatments. Body weight gain in fifth week was significantly 
(P<0.05) affected by treatment and enzyme addition. Birds fed on diet 
containing raw seeds were recorded lowest BWG and they were 
significantly (P<0.05) different from others dietary treatments which 
were similar  (P>0.05). In sixth week, the BWG was significantly 
(P<0.05) influenced by dietary treatments. The highest value observed 
for birds fed on diet supplemented with enzymes. Raw cowpea seeds, 
decorticated and decorticated roasted ones were not significantly         
(P>0.05) different, statistically they were the same, but numerically the 
decorticated roasted treatment was the best.  
Body weight gain curve of broiler chicks as affected by cowpea 
seed treatment and enzymes supplementation was shown in Fig. 4.2. 
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Fig. (4.2): Body gain curve (g/bird/week) of broilers chicks as affected 
by treatment and enzyme supplementation of cowpea seeds. 
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4.3.4 Weekly feed conversion ratio (FCR): 
        Values for the FCR of broiler chicks are presented in table (4.6). In 
feed conversion rate during 1-3 weeks there were no significant (P< 0.05) 
effect between treatments. However, enzyme treatment numerically 
improved feed conversion rate compared to raw cowpea seeds followed 
by decorticated roasted and decorticated treatments. FCR in week four 
was significantly affected by treatment and enzyme addition. Birds fed 
on raw seeds supplemented with enzymes recorded better FCR compared 
to the others groups which were the same (P>0.01). In week five FCR 
was significantly affected  (P<0.05) by processing and enzyme addition. 
Raw seeds recorded significantly (P<0.05) the highest value. Enzyme     
treated seeds group observed to have the lowest FCR while there         
was   no significant  (P>0.01)  difference  between  the decorticated and  
decorticated roasted treatments. In week six, there was no significant  
(P> 0.05) effect of dietary treatments on birds performance.FCR as 
influenced by cowpea seed treatment and enzyme addition was shown in 
Fig 5.3. 
4.3.5 Weekly protein intake (PI):   
 Results of weekly protein intake of broiler chicks are given in table 
(4.7). The effect of treated cowpea seeds and enzyme supplementation on 
the protein intake was significant (P<0.05). In the first week and second 
week P1 was  found to be significantly (P<0.05) higher for birds fed 
cowpea seeds supplemented with enzymes compared to  the others 
groups which were similar (P>0.05). In the third week, birds given raw 
seeds observed to consumed significantly (P<0.05) less protein compared 
to decorticated, decorticated roasted and seeds supplemented 
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Table (4.6) Effect of dietary treated cowpeas (Vigna unguiculuta) seeds on 
weekly feed conversion ratio (FCR) (g/feed/gBwt gain). 
 
Dietary level (15%) of cowpea seeds with different treatments 
Weeks Raw 
(A) 
Decorticated 
(B) 
Decorticated 
roasted         
(C) 
Enzymes           
(D) 
±SE 
One 1.77 1.89 1.88 1.90 0.06 
Two 1.73 1.77 1.85 1.91 0.07 
Three 1.87 1.94 1.92 2.00 0.11 
Four 1.94b 1.92b 2.03b 2.15a 0.07 
Five 2.09a 2.24b 2.13b 2.07c 0.09 
Six 2.20 2.26 2.16 2.07 0.13 
Values are means of 60 birds/treatment (10 birds/replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 15. 
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Fig. (4.3): FCR (kg feed/kg BWG) of broilers chicks as affected by 
treatment of cowpea seeds and enzyme addition.  
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Table (4.7):  Effect of dietary treated cowpea (Vigna unguiculuta) seeds on 
weekly protein intake (g/bird/week). 
 
Dietary cowpea seeds with different treatments 
Weeks Raw 
(A) 
Decorticated 
(B) 
Decorticated   
roasted          
(C) 
Enzymes 
(D) 
±SE 
One 32.39b 33.00b 33.40b 34.66a 0.40 
Two 77.23c 85.67bc 87.57b 98.97a 3.30 
Three 90.83b 111.66a 115.62a 122.06a 3.41 
Four 129.90c 136.28c 150.91b 182.23a 3.62 
Five 153.64c 180.42b 186.73b 199.35a 3.05 
Six 175.71b 195.84a 201.88a 206.0a 3.50 
Values are means of 60 birds/treatment (10 birds/replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 15. 
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with enzymes treatments which were not significantly (P>0.05) different. 
Protein intake in week four, significantly (P<0.05) influenced by dietary 
treatments. Enzyme treated seeds recorded the highest value and it was 
(P<0.05) significantly different from other groups. It was followed by 
decorticated roasted one. Birds fed on raw and those given  
decorticated seeds were not significantly (P>0.05) different. In fifth 
week, enzyme group recorded the highest value of protein intake and it 
was significantly (P<0.05) different from others in which raw seeds 
treatment recorded the poorest protein intake while decorticated and 
decorticated roasted seeds were observed to have the same value         
(P>.05). Protein intake, in six week was significantly affected (P<0.01) 
by dietary treatments. Raw seeds recorded lowest value and it was 
significantly (P<0.05) different from others treatments which were not 
significantly (P>0.05) different.  The weekly protein intake as affected by 
cowpea seeds treatment and enzyme addition is shown in Fig 5.4. 
4.3.6 Protein efficiency ratio (PER): 
 Weekly protein efficiency ratios of broiler chicks are shown in 
table (4.8). In PER during 1-4 weeks period there was no significant 
(P>0.05) effect of dietary treatments. However, in weeks 5 and 6 
enzymes treatment numerically improved protein efficiency ratios 
compared with others treatments which were similar. 
4.3.7 Overall performance:  
 Over all performance in starting and finishing periods is presented 
in table (4.9).   
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Fig.(4.4): Protein intake (g/bird) of broilers chicks as affected by 
treatment  and enzyme supplementation to cowpea seeds 
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Table (4.8) Effect of dietary treated cowpeas (Vigna unguiculuta ) seeds on 
weekly protein efficiency ratio (Bwt. Gain/protein consumed) of 
broiler chicks 
 
Dietary cowpea seeds with different treatments 
Weeks Raw 
(A) 
Decorticated 
(B) 
Decorticated      
roasted          
(C) 
Enzymes   
(D) 
±SE 
One 2.47b 2.32ab 2.29a 2.43a 0.084 
Two 2.52 2.46 2.33 2.29 0.095 
Three 2.33 2.26 2.26 2.22 0.120 
Four 2.26ab 2.27a 2.16b 2.04b 0.110 
Five 2.09b 1.95b 2.05b 2.11a 0.100 
Six 2.00b 1.89b 2.09b 2.14a 0.140 
Values are means of 60 birds/treatment (10 birds/replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 15. 
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Table (4.9) Effect of dietary treated cowpea seeds on overall broiler 
performance during the starter and finisher period 
Dietary of Cowpea seeds with different treatments 
Wk Parameters 
Raw       
(A) 
Dehulled 
(B) 
Dehulled roasted   
(C ) 
Enzymes 
(D)  
+SEM 
Feed intake 
(g/bird) 836.75c
 1001.49b 1045.27b 1111.83a 51.20 
BWG  (g/bird) 488.28c 549.00b 567.21a 623.22a 17.72 
FCR (kg 
feed/kg BWG) 1.71
 1.82 1.84 1.78 0.05 
P1 (g/bird) 200.45c 230.33b 236.59b 255.69a 8.13 
1–3 
PER (BWG/P 
consumed) 2.43
a 2.38+b 2.39b 2.43a 0.08 
Feed intake 
(g/bird) 1996.84
c 2228.55bc 2295.87b 2559.57a 38.10 
BWG  (g/bird) 907.32c 1109.94b 1194.78b 1419.73a 27.22 
FCR (kg 
feed/kg BWG) 2.20
a 2.00b 1.92c 1.80c 0.04 
P1 (g/bird) 459.25d 512.54c 539.52b 587.64a 14.74 
1–6 
PER (BWG/P 
consumed) 1.97
c 2.16b 2.21b 2.41a 0.06 
Values are means of 60 birds/treatment (10 birds/replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 15. 
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The effects of dietary treatments on overall performance of 
experimental birds are shown in table (4.10). There was a significant 
effect (P<0.05) of  feeding treated cowpea seeds and enzyme addition on 
average feed intake during 1-6 weeks. The feed intake was higher for 
birds fed diet supplemented with enzyme compared to those fed others 
treatments in which those fed decorticated and decorticated roasted 
cowpea seeds were not significantly (P>0.05) different, however, 
numerically decorticated roasted treatment consumed the highest. The 
lowest feed intake was observed for birds fed on raw cowpea seeds 
which was significantly (P<0.05) different from other treatments.  
 The average body weight gain of chicks was significantly (P<0.05) 
affected by dietary treatments. Birds received cowpea seeds 
supplemented with enzyme showed the highest body weight gain and  it  
was significantly (P<0.05) different from the other treatments in which 
decorticated and decorticated roasted seeds were similar (P> 0.05). Raw 
cowpea seeds recorded the lowest body weight gain and it was 
significantly (P<0.05) different from other treatments.   
Overall feed conversion ratio FCR was not significantly (P>0.01) 
affected by dietary treatments.  
 Overall protein intake was significantly (P< 0.05) affected by 
cowpea seeds treatment and enzyme addition. P1 was the highest in birds 
fed enzyme treated diet which was statistically similar to those fed 
decorticated roasted seeds. Birds fed on diet containing raw cowpea 
seeds observed to have the lowest protein intake value which was similar 
(P> 0.05) to those fed decorticated and decorticated roasted seeds. 
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Table (4.10): Effect of dietary level of treated cowpea (Vigna 
unguiculata) seeds on overall performance of broiler 
chicks. 
 
 Dietary cowpea seeds with different treatements  
Parameter Raw 
  (A) 
Decorticated 
(B) 
Decorticated 
roasted        
(C) 
Enzymes    
(D) 
±SEM 
Feed intake     
(g/bird) 2833.5
c 3230.0b 3341.1b 3671.4a 38.10 
Body weight gain 
(g/bird) 1395.6
c 1658.9b 1761.9b 2042.9a 40.12 
FCR                         
(g feed/Bwt. Gain) 2.03
ab 1.94b 1.89b 1.79a 0.05 
Protein intake 
(g/bird) 659.7
bc 742.8b 776.1ab 843.3a 70.11 
PER (Bwt gain/ 
protein consumed) 2.11
c 2.25b 2.27b 2.42a 0.06 
Values are means of 60 birds/treatment (10 birds/replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 15. 
 
 
 
 
 
 
 
 94
Overall protein efficiency ratio PER was significantly (P<0.05) 
influenced by treatment and enzyme addition to cowpea seeds. Birds fed 
on cowpea seeds supplemented with enzymes have the best PER 
followed by   those fed on the decorticated and decorticated roasted seeds 
which were not significantly (P>0.05) different. The worst value was 
observed for birds fed on raw seeds.  
4.3.8 Plasma constituents: 
 Results of the effect of treatment and enzymes supplementation of 
cowpea seeds on plasma constituents are shown in table (4.11). Plasma 
Na, K, and P were not significantly affected by treatment and enzymes 
addition. Plasma Ca was significantly (P< 0.05) influenced by treatments. 
Raw seeds observed to have the lowest Ca level and it was significantly 
(P< 0.01) different from other groups. Birds feed on enzymes treated diet 
and decorticated roasted cowpea seeds were similar in plasma Ca level 
followed by the decorticated treatment. Plasma cholesterol was not 
significantly (P> 0.05) influenced by dietary treatments. Total protein 
was significantly (P< 0.05) affected by dietary treatments. The lowest 
value was recorded for birds fed on raw cowpea seeds.  Regarding the 
albumin and globulin of plasma, results indicated that, they were 
significantly  (P< 0.05) influenced by seed treatment. The highest values 
observed in enzymes treated diet followed by decorticated and 
decorticated roasted groups which were not significantly (P>0.05) 
different. The poorest values obtained from raw seeds which were 
significantly (P< 0.05) different from others treatments.  
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Table (4.11): Effect of dietary level of treated cowpea seeds on 
plasma constituents of broiler chicks                             
Dietary cowpea seeds with different treatments 
Constitutents 
(A)        
Raw seeds 
(B) 
Decorticated 
(C ) 
 Decorticated 
roasted 
  (D)     
Enzyme ±SEM 
Haemoglobin % 66.0b 66.2b 69.3a 70.0a 0.52 
Ca mg/dl 7.8c 9.3ab 10.1a 10.2a 0.23 
Na mEq/L 174.1 180.4 184.2 191.4 4.11 
K mEq/L 3.4 4.8 5.8 6.6 1.32 
Total protein (g/dl) 3.1d 4.8c 6.1b 7.5a 0.23 
Albumin (g/dl) 2.5c 2.6b 3.8b 4.3a 0.17 
Globulin (g/dl) 2.00c 2.6b 3.8b 4.3a 0.79 
Cholesterol (mg/dl) 205.7 210.3 208.4 218.0 7.45 
Uric acid (mg/dl) 3.1a 2.7b 1.9c 1.9c 1.20 
Glucose (mg/dl) 194.2 195.8 194.0 195.3 4.32 
Total lipids (mg/g) 318.7c 333.2ab 345.3ab 364.9a 11.07 
Pi (mg/dl) 5.7 5.6 5.8 5.6 0.17 
Values are means of 18 birds/treatment (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly different    
(P< 0.05).  
SEM ≡ Standard error means from ANOVA of 51. 
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 Haemoglobulin of the blood and total lipids were significantly   
(P< 0.05) influenced by feeding treated cowpea seeds. The highest value 
observed for enzymes treated and decorticated roasted treatments which 
were not significantly (P>0.05) different. The lowest values were noted 
for the birds fed raw or decorticated seeds. Uric acid was significantly 
(P<0.05) influenced by ditary treated cowpea seeds. Birds fed the raw 
cowpea seeds showed significantly (P<0.05) the highest value of uric 
acid followed by those fed decorticated seeds. The lowest value of uric 
acid was observed for those fed enzyme treated seeds or decorticated 
roasted seeds. These two groups were not significantly     (P> 0.05) 
different. Plasma glucose was not affected by feeding treated seeds or 
enzyme supplementation. 
4.3.9 Internal organs relative weights:  
 Internal organs as affected by dietary treatment are shown in table 
(4.12). The treatments showed significant (P<0.05) effect on liver, 
pancreas and gizzard relative weights. The higher relative weights were 
observed for birds fed  raw seeds compared to other groups that were 
similar (P> 0.05). weights of heart, lung, kidney, spleen, cecaum and 
small intestine (g/cm) were not significantly (P>0.05) affected by dietary 
treatments.  
4.3.10 Carcass weights: 
 Live and carcass weights as affected by  dietary treated cowpea 
seeds are shown in table (4.13). Live weights and carcass eights of birds 
fed on enzymes treated diet observed to have the highest weights and was 
significantly (P< 0.05) different from other groups. The lowest weights 
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Table (4.12): Effect of dietary treated cowpea (Vigna unguiculata) seeds on internal 
organs weights of broiler chicks                            
Dietary cowpea seeds with different treatments 
Organ      
relative weights Untreated 
(A)  
Decorticated 
( B) 
Decorticated      
roasted          
(C ) 
 
Enzyme 
(D) 
±SEM 
Liver 4.42a 4.08b 3.52b 3.65b 0.050 
Pancreas 0.57a 0.44b 0.50b 0.49b 0.020 
Heart 0.43 0.45 0.42 0.44 0.008 
Lung 0.04 0.05 0.05 0.04 0.005 
Kidney 0.62 0.63 0.62 0.64 0.020 
Spleen 0.03 0.02 0.03 0.03 0.005 
Small intestine 
(g/cm) 0.42
 0.41 0.42 0.40 0.007 
Cacaum (g/cm) 1.0 1.01 0.98 1.00 0.030 
Gizzard 5.77a 4.40b 4.08c 4.01c 0.060 
Values are means of 18 birds/treatment (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 51. 
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Table (4.13): Effect of dietary treated cowpea (Vigna unguiculata)  seeds on carcass 
weights of broiler chicks                                         
Dietary cowpea seeds with different treatments 
Parameter 
Raw   
(A)   
Decoticated 
(B) 
Decor.  
roasted     
(C)    
Enzymes 
(D) ±SEM
Live weights (g) 1434.89d 1590.01c 1719.49b 1771.99a 21.24 
Carcass weights (g) 914.84d 1132.57c 1241.13b 1400.05a 27.47 
Breast weight total (g) 265.34c 340.10b 355.77ab 374.14a 6.68 
Breast meat (g) 213.39c 293.99b 307.54ab 317.48a 5.46 
Breast meat weight (%) 80.42c 86.44ab 86.44ab 84.85a 4.41 
Breast Bone (%) 19.60a 15.23b 13.56c 15.15b 3.10 
Thigh &Drumstick total (g) 306.94c 364.20b 370.31ab 384.31a 6.44 
Thigh&Drumstick meat (g) 208.48c 271.61b 281.14b 301.32a 6.84 
Thighs & drumsticks meat ( %) 67.92c 75.57b 75.92a 78.40a 2.80 
Thigh &Drumstick Bone (%) 32.08a 24.43b 24.08c 21.6c 3.40 
Dressing (%) 63.76c 71.23b 72.18b 81.52a 4.10 
Values are means of 18 birds/treatment (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 51. 
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were recorded for birds fed on raw seeds, it was significantly different 
from others treatments. Decorticated roasted seed recorded higher 
weights than that for the decorticated one. Breast weight, breast meat, 
thigh and drumstick total weight, thigh and drumstick meat weights were 
higher for birds fed on  enzyme treated seeds  followed  by those  fed on  
decorticated  roasted and decorticated seeds. The lowest values were 
recorded for birds fed on raw seeds which was significantly (P<0.05) 
different from others treatments. Decorticated and decorticated roasted 
diets results were not significantly (P> 0.05) different. The lowest bone 
% observed for birds fed on decorticated roasted and enzyme treated 
diets, while the raw seeds recorded the highest bone %.  Meat % was 
higher for birds fed on enzyme treated seeds followed by the decorticated 
roasted and decorticated treatment, respectively. The lowest meat % 
value was observed for birds fed on raw seeds and it was significantly 
(P<0.05) different from others treatments. Dressing % was significantly 
influenced by seed treatment and enzyme addition. The highest dressing 
% observed for birds that fed on enzyme treated diet, it was significantly 
different (P< 0.05) from the others groups, it followed by the 
decorticated roasted and decorticated treatment which were not 
significantly  (P> 0.05) different. The poorest dressing % was recorded 
for birds fed on raw seeds.  It was significantly (P<0.05) different from 
other treatments. 
4.3.11 Chemical composition of the carcass: 
 Carcass chemical composition as affected by cowpea seeds 
treatment and enzymes supplementation is shown in table (4.14). Crude 
protein and ash percentages were not significantly (P>0.05) influenced 
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by seeds treatment and enzymes addition. Moisture content of breast 
meat was significantly affected by treatments, the highest value detected 
by decorticated roasted seeds while others treatments were statistically 
similar. EE % of the breast meat was significantly (P< 0.05) affected by 
treatments, the highest value observed by the raw, while others group 
were not significantly (P>0.05) different. Crude protein % of thigh and 
drumstick meat of birds fed on raw seeds, decorticated and enzymes 
treated diets were statistically similar (P>0.05). The decorticated roasted 
treatment was significantly (P<0.05) different from others treatments. 
Moisture content and EE % of raw seeds were higher than those of others 
treatments. Others groups were not significantly (P>0.05) different. Ash 
percentage of raw, decorticated and enzymes treated diets were 
statistically similar, while that of decorticated and decorticated roasted 
was not significantly (P>0.05) different.  
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Table (4.14): Effect of dietary treated cowpea (Vigna unguiculuta)  
seeds on chemical composition of carcass components 
(%) 
Breast Thigh and drumstick Dietary treated  
cowpea seeds with 
different treatments CP Moist. EE Ash CP Moist. EE Ash 
Untreated 
 (A) 23.05
 73.10b 1.68a 0.92 23.77a 74.08a 1.82a 0.98a 
Decorticated   
 (B) 22.30
 72.81ab 1.51a 0.89 23.40a 74.00ab 1.78b 0.96ab 
Decorticated 
roasted  
( C) 
21.18 74.01a 1.50b 0.90 21.42b 73.05b 1.77b 0.89b 
Enzymes 
 (D) 21.40 73.21
b 1.52b 0.90 23.18a 73.15b 1.75b 0.98a 
+ SME 0.71 0.28 0.052 0.040 0.68 0.32 0.32 0.02 
Values are means of 18 birds/treatment (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 51. 
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4.4 Discussion: 
 Chemical composition of treated cowpea seeds either mechanically 
by decortication or physically by dry heating (roasting) revealed that 
protein quantity and quality were improved. This is attributed to the 
reduction of ANFs that contained in the cowpea seeds. This agrees with 
Andy (2006) finding who observed that treatment of cowpea seeds by dry 
heating reduce trypsin inhibitors by 45%. This was in agreement with 
Simoongwe (1998) who reported that roasting legume can decrease the 
content of trypsin inhibitors. Dehulling resulted in high concentrations of 
crude protein (33.80) and reduced the fiber content in cowpea seeds. The 
results of the present study confirmed the well established view that 
decortication of legume seeds leads to high recovery of trypsin inhibitors 
activity and haemagglutinin in the cotyledons (Vanderpeol, 1989). 
 Regarding the effect of treatment of cowpea seeds and enzymes 
supplementation on overall performance of broiler chicks, feed intake 
was significantly (P<0.05) influenced by treatment and enzyme addition. 
Average F1 was higher for the treatment fed enzyume treated diet 
followed by decorticated roasted and decorticated treatment, respectively 
and the lowest for treatment fed raw cowpea seeds. These results are not 
in agreement with the results of Brenes et al. (1993 a, b) who reported 
enzyme mixing tended to reduce feed intake. The differences in F1 
among birds fed decorticated and decorticated roasted seeds could be 
attributed to the presence of residual tannins and trypsin inhibitors in the 
diets. This was in agreement with Udedibie and Carlini (2000) who 
reported that residual haemagglutinins in treated jack bean could 
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constitute a problem to animals on ad-libitum feeding system. The results 
of the present study are in agreement with Almirall et al. (1995) who 
reported that enzyme addition increased feed consumption compared to 
raw seeds. He attributed the reduction in F1 to the tannins which inhibits 
appetite of the animals when fed on raw legume seeds. Significant       
(P<0.05) differences in body weight gain (BWG) were observed, the 
highest BWG was observed in birds fed diet supplemented with enzymes 
while the lowest BWG recorded for birds fed on raw seeds.BWG of birds 
fed on decorticated and decorticated roasted cowpea seeds were similar, 
but they were higher in value than those fed on raw seeds. The most 
desirable consequence of heat treatment of legumes is to inactivate ANFs 
without affecting any of the heat labile amino acids, mainly expressed by 
the degree of available lysine. The differences in BWG among birds fed 
decorticated and decorticated roasted meals could be attributed to the 
presence of residual tannins and trypsin inhibitors in the diet. This was 
coincided with Ologhobo et al (2003) findings who reported depression 
in growth of broilers chickens fed diets containing raw and roasted lima 
bean. This was in agreement with Bressani (1993) who observed that 
heating legumes increased protein quality and the digestibility of protein 
and carbohydrate, and it also inactivated protease and amylase inhibitors 
as well as haemagglutinins. Udedibie and Carlini (2000) attributed the 
differences in BWG to the presence of haemagglutinins which are 
resistant to proteolytic digestion therefore tends to accumulate in the 
animals by binding to the intestinal wall which leads to increased 
excretion of nutrients enzyme addition to raw pea based diet, this results 
are in agreement with the findings of Brense et al. (1993) who reported 
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that enzyme mixing to raw peas base diets tended to improve BWG 
(Scott et al., 1982) ascribed the reduction in growth of chickens fed 
roasted legume seeds to trypsin and chemotrypsin inhibitors, which 
inhibit growth; interfere with tryptic digestion of proteins in the 
gastrointestinal tract of animal. 
 Feed conversion ratio (FCR) was not affected by processing and 
enzyme addition in broiler diets. On the other hand mortality was not 
related to the dietary treatment. Protein intake was significantly (P<0.05) 
affected by processing of cowpea seeds and enzyme addition. Highest 
protein intake observed in birds fed on enzyme treated diet followed by 
decorticated roasted and decorticated diet, respectively. This result 
coincided with Meyer et al. (1992) who attributed protein consumption 
reduction to residual effect of ANFs, that such effects were  
consequences of poor protein digestibility and interference with systemic 
protein utilization, resulting in insufficient amino acids for protein 
synthesis. Protein efficiency ratio (PER) also affected by seeds treatment 
and enzyme addition. The highest value of PER was observed for birds 
fed on enzyme treated diets and the lowest recorded by raw seeds bases 
diet. Brenes et al. (1993a) attributed the improvement in PER to enzymes 
activities that inactivate the ANFs and improve nutrients digestibility. 
This result is in agreement with Owusu-Asiedu et al. (2002) who 
reported that heat treatment improved nutrients digestibility, reduced 
anti-nutrients factors and by altering the nature of protein in peas 
improved protein and amino acids digestibility. 
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 Regarding the effect of treatment and enzyme addition to cowpea 
seeds on plasma constituents ( plasma, Hb %, plasma total protein, 
albumin, globulin and cholesterol) were significantly (P<0.05) influenced 
by decortication, decortication+ roasting and enzyme supplementation. 
The highest values were observed for chicks fed enzyme treated diet 
followed by decorticated and decorticated roasted, the lowest value 
recorded by birds fed raw seeds. Liener (1975) attributed this to  poor 
protein utilization from the diets. The nutritional status with respect to 
protein has a profound effect on the synthesis of plasma protein both 
directly in the provision of raw materials for synthesis and indirectly due 
to protein deprivation on the liver.  
 Similar findings were reported by Oyelola et al. (2004) who 
attributed low level of cholesterol in plasma for birds fed on raw melon 
seed to negative effect of anti-nutrients. This is also in agreement with 
Adam (1974) and Benno (1963) who ascribed the release of GOT in 
blood plasma to liver cell necrosis, altered cell membrane permeability, 
hepatotoxin and circulating disturbances of the liver.  Moreover ALP has 
remained as an important enzyme for characterizing bone and hepatic 
necrosis as liver is one of the primary sites of cholesterol biosynthesis in 
poultry (Kurtoglu et al., 2004). 
 Plasma uric acid was significantly increased in birds fed on raw 
cowpea seeds. It was significantly influenced by treatment and enzyme 
supplementation. The lowest value was observed in birds fed on enzyme 
treated diet followed by the decorticated and decorticated roasted diets. 
Iheukwumere and Herber (2003) attributed low plasma uric acid 
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observed in broilers to good quality protein utilization, which was shown 
by high plasma total protein. Differences in uric acid values were 
attributed to the residual effect of ANFs that found in different amount 
according to method of treatment. Lowest value of plasma uric acid was 
observed in birds fed on enzyme treated diets. This finding attributed to 
the higher protein biosynthesis and good nutrients absorption.   
 Plasma K, Na, P and glucose were not affected when compared to 
the control diet. Plasma Ca increased when birds were fed on 
decorticated and decorticated roasted seeds. Highest level of plasma Ca 
was observed in birds fed on enzyme treated diet. This may be due to 
increment in feed intake. The lowest plasma Ca recorded for birds fed 
raw cowpea seeds (Sethi and Kulkarni, 1995) attributed this reduction to 
the less feed intake and/or to the metal-chelation effect of some ANFs in 
legumes.  
The presence of residual ANFs in treated cowpea seeds diets 
caused a significant (P< 0.05) enlargement in the relative weights of the 
liver, pancreas and gizzard in birds fed raw cowpea seeds  followed by 
those fed decorticated seeds. Weights of the spleen, heart, lung, intestines 
and kidney were not affected by the treatments. These observations 
corroborate previous findings (Ologhobo and Fetuga, 1983; Aletor and 
Aladelimi, 1989). The decrease in weight of the liver in birds fed with 
dehulled bean meals when compared to the raw could be attributed to an 
attempt to detoxify the residual ANFs in the diets. The dehulled bean 
meals resulted in the largest pancreatic, implicates trypsin inhibitors as 
the key factor responsible for this physiological anomaly (Adewale    et 
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al., 2007). The changes in the pancreas of birds fed dehulled bean meals 
are in line with previous report by Meyer et al. (1992) which showed 
decrease pancreatic enzyme activities in pigs fed diets containing kidney 
beans these researchers suggested that such effects are the consequences 
of poor protein digestibility and interference with systemic protein 
utilization, resulting in insufficient amino acids for protein synthesis. 
Roasting was an effective method for treatment of legume seeds 
containing high concentration of thermo – labile anti nutrients.    
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CHAPTER FIVE 
EXPERIMENT THREE 
Effect of Dietary Levels of Cowpea  
(Vigna unguiculata) Seeds on Layers Performance,  
Egg Quality and Plasma Constituents 
 
5.1 Introduction: 
 Traditional ingredients of poultry diets were expected to be in 
short supply. Factors contributing to this shortage include competition 
with human requirements, expanding intensive livestock industries in 
some developing countries and the threat of restrictions on the usage of 
animal protein sources for feeding live-stock. The increased worldwide 
demand for protein feed is expected to be met largely by grain legumes 
(Robinson and Singh, 2001). 
 There are over 1300 species of the family leguminosae, but only a 
small proportion are used for animal feeding. Arora (1995) drew 
attention to jack bean, sweet pea, pigeon pea and cowpea.  
 The incorporation of cowpeas protein in the formulation of diets 
for egg production, or meat production is limited due to the presence of 
anti-nutritional factors, however, the levels of inclusion of this legume 
must be adjusted. Robinson and Singh (2001) conducted an experiment 
to detect the level of cowpea seeds suitable for egg production and good 
performance. The authers reported that the moderate level 125 – 250 g/kg 
ration tended to increase egg mass output and improved feed efficiency 
compared to control, while the highest levels 375 g/kg feed reduce egg 
production. Poultry rations based on maize, sorghum, sesame, sunflower 
and milled cowpea seeds were suitable rations for growing and laying 
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hen (Wethli and Parrs, 1995). Therefore, the objective of this study was 
to evaluate the effect of including 3 dietary levels of raw cowpea seeds 
on layers performance, egg characteristics and blood parameters.  
5.2 Materials and Methods: 
 The experiment was carried out during the period from 5th of 
August to 10th December 2006, in which ambient temperature range 
between 28 – 45oC (Metrological Department, Shambat) in Poultry Unit, 
Faculty of Animal Production, Khartoum University. 
5.2.1 Experimental birds: 
 Atotal of twenty eight weeks of age Hisex laying hen were 
purchased form local market. The birds were previously vaccinated 
against Mark’s disease at hatching. They were also vaccinated against 
(Gumboro) at two weeks of age, Newcastle disease at 3 weeks of age and 
at 11 weeks against fowl pox. The debeacking process was done at 
31week of age. Seventy two laying hens were approximately selected for 
this experiment. Selection was based on the individual body weight. The 
birds were approximately selected for this experiment. Selection was 
based on the individual body weight. The birds were subjected to 
adaptation period of 2 weeks before data collection. The experiment was 
initiated on 5th August 2006 when the hen-day egg production was about 
70%, live body weight ranged from 1300 – 1500 g.  
 The birds were divided into 4 groups, (18 birds/treatment). They 
were further sub-divided into 6 replicate groups of 3 birds each. 
5.2.2 Experimental house: 
 One battery was used in this experiment. It was cleaned and 
disinfected using formalin. The battery consisted of six lines of four 
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cages each. Birds of each replicate were assigned randomly in 24 cages 
on 3 tiers wire blocks (50 x 42 x 40 cm) of laying battery with 3 birds in 
each cage.   
5.2.3 Experimental diets: 
 Four isocaloric and isonitrogeneous diets were formulated 
according to nutrient specifications of the standards as recomended by 
National Research Council (NRC, 1984), as follows: 
 Ration (A) control diet contained 0% level of cowpea seeds. 
 Ration (B) containing 5% of raw cowpea seeds. 
 Ration (C) containing 10% of raw cowpea seeds. 
 Ration (D) containing 15% of raw cowpea seeds. 
 Each treatment group was randomly assigned to one of the four 
diets. Feed samples were analyzed for proximate composition according 
to the methods indicated in the AOAC methods of analysis (1990).  The 
ingredients, calculated and determined nutrients content of the 
experimental layers diets are  shown in table (5.1).  
5.2.4 Management: 
 The birds in each cage were supplied with one drinker.  The cages 
were equipped with 2 feeders made from polycylin bags to avoid   
mixing of feed of different treatments, feeders and drinkers were kept 
clean. Droppings were cleaned every day. Birds of all treatments groups 
received similar care and management. Sixteen hours light (daylight + 4 
hours artificial light) were maintained throughout the experimental 
period. Feed and water were provided at libitum. 
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Table (5.1): Composition of experimental layers, diets containing dietary levels 
of cowpea (Vigna unguiculata) seeds 
Dietary cowpea seeds with different treatments 
ingredients.%   
 
0 (A) 5  (B) 10 (C) 15 (D) 
Sorghum 64.50 64.50 64.50 64.50 
Groundnut meal 6.84 6.84 6.79 6.79 
Sesame meal 6.00 6.00 0 0 
Wheat bran 10 5 6 1.05 
Layers super concentrates* 5 5 5 5 
Oster shell 7 7 7.05 7 
Salt 0.40 0.40 0.40 0.40 
Dicalcium phospbate 0.26 0.26 0.26 0.26 
Calculated analysis (%) 
ME (Mj/kg) 11.9 11.99 11.96 11.88 
Crude protein 17.67 16.34 17.05 17.37 
Crude fat 5.50 6.50 5.60 6.00 
Crude fiber 3.34 3.34 3.94 3.90 
Calcium 3.35 3.45 3.26 3.32 
Av. Phosphorus 0.49 0.49 0.48 0.48 
Methionine 0.36 0.36 0.32 0.31 
Lysine 0.69 0.69 0.69 0.76 
Determined analysis % (DM – Basis   
Dry matter 95.05 95.54 93.40 94.15 
Crude protein 17.33 18.01 18.70 18.62 
Ether extract 6.67 7.33 8.10 6.32 
Crude fiber 5.21 6.56 
Nitrogen free extract 57.64 55.88 50.78 54.01 
Ash 8.20 7.76 8.42 7.60 
ME (Mj/kg) 12.34 12.55 12.55 11.90 
*CP 40%, ME 2000 kcal/kg, C. fiber 3%, EE 3% Ash 34%, Ca, 10% Av.P 1.38% 
Lysine 12%, Methionine 3%, Methionine + cystine 3.5%, Vitamin A 250000 IU/kg, 
Vitamin D3 50000 IU/kg, Vitamin E 500 Mg/kg, Vitamin K3 6 Mg/kg, Vitamin 
B1/thiamin 20 Mg/kg, Vitamin B2/riboflavin 100 Mg/kg, Lysine 12%, Methionine 
3%, Copper 120 Mg/kg, Zinc 1000 Mg/kg, Iodine 6 Mg/kg, Vitamin C 4000 Mg/kg, 
Folic acid 30 Mg/kg, Iron 800 Mg/kg, Manganese 1400 Mg/kg, Cobalt 12 Mg/kg, 
Niacin vitamin pp. 600 Mgkg, Pantothenic acid/vitamin B3 160 Mg/kg, Vitamin 
B6/pyridoxine 40 Mg/kg, Vitamin B12 300 Mcg/kg, Biotin/vitamin H 2000 Mcg/kg, 
Coline 10000 Mg/kg, Copper 120 Mg/kg, Zinc 1000 Mg/kg, Iodine 6 Mg/kg, 
 Selenium 3 Mg 
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5.2.5 Experimental procedures: 
 Feed intake was determined weekly on a replicate basis by 
weighing feed at the beginning and at the end of each week. In each 
replicate hens were weighed together and the average of the body weight 
of them was calculated at the start of experiment and at the end of each 
week so as to calculate the weekly body weight change. An electronic 
digital balance was used to determine the body weight and feed intake.. 
 Eggs were collected twice a day in the morning at 8:30 and the 
afternoon 2:30 and the percentage of hen-day production were estimated, 
eggs weight were recorded for all the replicate groups. Eggs were 
weighed on an electronic digital balance. From the records of feed 
consumed, number of eggs laid and eggs weight, feed conversion ration 
(FCR) was calculated.  
 The hen-day egg production percentages were calculated from the 
total number of eggs actually collected, expressed as percentages of the 
expected number of eggs for each group per week over the 12 weeks 
period. 
5.2.6 Egg quality management: 
Each two weeks external and internal quality characteristics of 
eggs were measured.   
 Two fresh eggs from each replicate group were weighed. Then the  
maximum length, and maximum width were measured. The shell 
thickness was also measured by taking samples of shell from top, middle 
and bottom of eggs using 0.2 mm vernia caliper (Hitutoyo, Japan). The 
shell weight  was also measured. The shell weight/egg weight were 
calculated to determine the shell percentage.   
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 Sample eggs from each replicate were broken with a blunt knife, 
contents poured on a piece of flat glass dish, and different components 
were separated and weighed. The albumin height, mm was taken by 0.2 
mm vernier caliper (Mitutoyo, Japan) on the middle of thick albumin in 
both sides opposite to the chalaza as an average of two sides. The yolk 
height, mm, albumen and yolk diameters, cm were measured using 0.2 
mm vernier caliper (Mitutoyo, Japan). The albumin and yolk indices 
were calculated as the proportion of the height of each to the diameter. 
Albumin yolk index was calculated as the proportion of albumin 
weight/yolk weight. Albumin and yolk percentages were calculated as 
the proportion of weight of each/egg weight. Haugh unit was calculated 
by using following formula (Haugh, 1937, cited by Alleoni Antunes, 
2001).  
G (30W037 – 100) Haugh units= 100 log     H- 100 
+ 1/9 
Where: 
 H = Albumin height (mm) 
 G = is a constant (32) related to the constant of gravitation  
 W = Weight of egg (g) 
 
 Yolk colour scores were recorded as described by Roche Yolk 
colour fan graded from 1 to 15.   
5.2.7 Collection of blood sample: 
 At the end of experiment, blood samples were taken from two 
birds per replicate (12/treatment) from brachial vein 2 ml and received in 
10 ml test tube to clot and then analyzed as described in chapter 3, 
section 3.2.7.  
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5.3 Results: 
5.3.1 Layers performance: 
         Results of the effect of dietary treatments on the performance of 
32nd week of age layer chickens are presented in table (5.2). Through this 
week, feed intake was significantly (P<0.05) affected by the dietary 
treatments. Birds fed the control diet and 5% cowpea seeds consumed 
more feed than the other groups. Ten percent cowpea seeds were not 
significantly different from the control and 5%, but it was higher than 
15%. Birds fed on 15% cowpea seeds consumed the lowest feed, it      
was significantly (P<0.05) different from other groups. Hen-day egg 
production and the egg weight were significantly (P<0.05) influenced by 
dietary treatments. Birds fed on 5% and the control were higher in       
egg production and egg weights than other groups, they were similar    
(P>0.05). Ten and 15% cowpea seed were not significantly (P>0.05) 
different, but they were lower than 5% and the control diets. FCRs were 
significantly (P<0.05) affect by dietary treatments. Highest FCRs were 
observed in birds fed on 15% cowpea seeds followed by 10% which was 
significantly (P<0.05) different from other groups. The lowest values 
recorded by the control and 5% cowpea seeds which were similar        
(P>0.050). The only positive body weight change in this week was 
observed in birds fed the control diet while 15% cowpea seeds was 
significantly (P<0.05) different from other groups. It was the highest in 
negatively changing followed by 10 and 5% which were statistically 
similar.    
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Table (5.2): Effect of feeding different dietary levels of cowpea (Vigna 
unguiculata) seeds on layers performance (32nd week of age) 
Dietary levels of cowpea seed % 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM 
Feed intake (g/bird/day) 80.37a 79.11a 74.43ab 70.81c 5.16 
Egg production (hen-day %) 79.55a 73.42a 66.09b 51.38b 6.20 
Egg weight (g/egg) 70.72a 70.50a 66.23b 63.15b 1.18 
FCR (kg feed/kg egg) 2.31c 2.28c 3.15b 5.33a 0.46 
FCR (kg/feed/kg/dozen egg) 1.42c 1.34c 2.75b 3.05a 0.24 
Change in body weight (g) +12.33a -38.29b -40.63b -49.81c 13.8 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
 
 
 
 
 
 
 116
Results of the effect of different dietary levels of cowpea on the 
performance 34th week of age layer chickens are presented in table (5.3). 
All parameters were influenced by dietary treatments. Birds 
supplemented with 10 and 15% cowpea seeds in their diet consumed 
significantly (P<0.05) lower feed than those fed the control and 5% 
which were similar (P>0.05). The highest hen-day egg production was 
observed in birds fed on the control diet and 5% cowpea seeds these 
groups were not significantly (P>0.05) different. They followed by birds 
that fed 10% cowpea seeds. The lowest production of egg observed in 
birds fed on diet supplemented by 15% cowpea seeds. The eggs weights 
of the birds fed the control diet and that contained 5% cowpea seeds were 
significantly (P<0.05) higher than the other groups which were 
statistically similar. The lowest value were observed in birds fed on 10 
and 15% cowpea seeds. FCRs of the birds fed on 10 and 15% cowpea 
seeds were significantly (P<0.05) higher than other treatments. Birds fed 
the control diet and 5% cowpea seeds recorded the lowest FCRs, they 
were not significantly (P>0.05) differ from each other. The only positive 
body weight change was observed in birds that fed the control diet. The 
highest values obtained by birds fed 10 and 15% cowpea seeds followed 
by 5%.  
Results of the effect of different dietary levels of cowpea seeds on 
performance of 36th week of age layers chicken are given in table (5.4). 
Through this week, only egg weight was not significantly (P>0.05) 
influenced by dietary treatments. Birds fed the control diet was 
significantly  (P<0.05)  consumed  higher  feed  than  the other groups. It  
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Table (5.3): Effect of feeding different dietary levels of cowpea (Vigna 
unguiculata) seeds on layers performance (34th week of age) 
Dietary levels of cowpea seed % 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM 
Feed intake (g/bird/day) 80.58a 72.18a 70.08ab 69.47b 7.01 
Egg production (hen-day %) 79.45a 65.34ab 51.22b 40.31c 6.21 
Egg weight (g/egg) 70.38a 69.77a 66.28b 66.65b 2.20 
FCR (kg feed/kg egg) 2.37b 2.15bc 3.47ab 4.98a 0.69 
FCR (kg/feed/kg/dozen egg) 1.25b 1.23b 3.42a 3.54a 0.43 
Change in body weight (g) +14.01a. -41.33b -50.33c -58.30d 12.70 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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Table (5.4): Effect of feeding different dietary levels of cowpea (Vigna 
unguiculata) seeds on layers performance (36th week of age) 
Dietary levels of cowpea seed % 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM 
Feed intake (g/bird/day) 79.54a 70.14ab 64.75c 63.25c 7.13 
Egg production (hen-day %) 75.87a 63.09ab 48.62b 36.15c 5.62 
Egg weight (g/egg) 70.73 69.12 67.24 67.58 4.06 
FCR (kg feed/kg egg) 2.08c 2.10c 3.43b 4.35a 0.44 
FCR (kg feed/kg/dozen egg) 1.29c 1.31c 3.52+b 4.97a 0.50 
Change in body weight (g) -12.60a -45.32b -56.42c -60.18d 15.05 
 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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followed by that fed 5% cowpea seeds which was similar to the control. 
The lowest feed intake was observed in birds that fed on 10 and 15% 
cowpea seeds. These two treatments were not significantly (P>0.05) 
different. Hen-day egg production was significantly (P<0.05) higher in 
birds fed the control diet and 5% cowpea than that of the other groups. 
Dietary treatment contained 10% cowpea seeds was statistically similar 
to 5% but numerically it was lower than it. Birds fed on diet 
supplemented with 15% cowpea seeds was observed to produce the 
lowest egg, it was significantly (P<0.05) different from other treatments. 
FCRs were significantly (P<0.05) the highest in bird fed on 15% cowpea 
seeds, followed by 10% which was significantly (P<0.05) different from 
other groups. The lowest feed conversion ratios were observed in the 
control diet and 5% cowpea seeds which were not significantly different. 
The change in body weight was higher in birds fed 10 and 15% cowpea 
seeds. They were significantly (P<0.05) different from the other groups. 
Body weight change in birds fed 5% cowpea seeds was significantly 
(P<0.05) higher than that of birds fed the control diet. The lowest body 
weight change was observed in birds fed the control diet, it was 
significantly (P< 0.05) different from other treatments. Body weight 
change was negative in all dietary treatments.   
Mean values of the performance of 38th week of age layer chicken 
as influenced by the dietary treatments are shown in table (5.5). The 
dietary treatments had no significant (P>0.05) influence on egg weight. 
In this week, the birds that were fed the control diet and 5% cowpea 
seeds  consumed   significantly  (P<0.05)  higher  feed  than  the  other  
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Table  (5.5): Effect of feeding different dietary levels of cowpea (Vigna 
unguiculata) seeds on layers performance (38th week of age) 
Dietary levels of cowpea seed % 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM 
Feed intake (g/bird/day) 78.16a 71.32a 60.57a 61.43b 6.50 
Egg production (hen-day %) 62.45a 51.18ab 40.51b 32.17c 6.04 
Egg weight (g/egg) 70.32 70.60 68.51 67.40 4.05 
FCR (kg feed/kg egg) 1.98c 2.00bc 2.87b 3.13a 0.68 
FCR (kg feed/kg/dozen egg) 1.34c 1.27c 2.55b 3.64+a 0.73 
Change in body weight (g) -15.08a -49.72b -65.08c -68.12d 14.31 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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treatments, they are similar. Birds fed with 10 and 15% were consumed 
significantly (P<0.05) lower feed than other two groups, also they were 
similar (P>0.05). Hen-day egg production during this week was 
significantly (P<0.01) affected by dietary treatments. Birds that received 
the control diet and the birds fed 5% cowpea seeds significantly (P<0.01) 
showed higher egg production than those on the other diets. Feed 
conversion ratio (kg feed/kg egg) and FCR (kg feed/dozen egg) were 
significantly (P<0.05) influenced by the dietary treatments. In birds fed 
diets with 10 and 15% cowpea seeds, FCRs were significantly (P<0.05) 
showed better values than birds fed the other diets. Body weight 
decreased significantly (P<0.05) for birds fed 10 and 15% cowpea seeds 
compared with those that received the control diet and 5% cowpea seeds. 
Negative weight change was observed in all dietary treatments. 
Results of the effect of dietary treatments on the performance of 
40th week age layer chickens are presented in table (5.6). Through this 
week, egg weight was not significantly (P>0.05) affected by dietary 
treatments. However, the others parameters were significantly (P<0.01) 
influenced by the dietary treatments. Feed intake of birds fed the control 
diet and that supplemented with 5% cowpea seeds were found tobe 
significantly (P<0.05) higher than that fed other dietary treatments within 
which those birds fed 15% cowpea seeds significantly (P<0.05) 
consumed the lowest feed. Hen-day egg production of birds fed the 
control diet was significantly (P<0.05) higher than that fed other dietary 
treatment, it followed by production of birds fed 5% cowpea seeds which 
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Table (5.6): Effect of feeding different dietary levels of cowpea (Vigna 
unguiculata) seeds on layers performance (40th week of age) 
Dietary levels of cowpea seed % 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM 
Feed intake (g/bird/day) 82.41a 80.15a 71.22b 61.88bc 6.15 
Egg production (hen-day %) 70.08a 55.17b 431.43c 32.40d 7.18 
Egg weight (g/egg) 70.16 69.70 68.18 68.62 5.31 
FCR (kg feed/kg egg) 2.02d 2.11c 2.59+b 3.41a 0.63 
FCR (kg feed/kg/dozen egg) 1.42b 1.34bc 2.37a 2.28a 0.72 
Change in body weight (g) -16.82a -49.62b -68.05c -69.47c 16.64 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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was significantly (P<0.05) different fro mother groups. Hen-day egg 
production of birds fed 15% was significantly (P<0.05) the lowest. Birds 
fed 10% cowpea seeds significantly (P<0.05) showed higher hen-day egg 
production that those fed 15% cowpea seeds. FCR (kg feed/kg egg) and 
FCR (kg feed/dozen egg) were significantly influenced by dietary 
treatments. The highest values of FCRs were observed in birds fed 10 
and 15% cowpea seeds. Body weight change was significantly (P< 0.05) 
influenced by dietary treatments. The highest change in body weight was 
significantly (P<0.05) observed in birds fed 10 and 15% cowpea seeds, 
followed by that fed 5% cowpea seeds. The negative change in body 
weight was observed in all dietary treatment.  
Mean values of the performance of 42nd week of age layers 
chickens as influenced by dietary treatments are shown in table (5.7). 
Through this week, only egg weight was not significantly (P>0.05) 
affected by dietary treatments. Feed intake was significantly (P<0.01) 
affected by dietary treatments. Birds given the control diet and that given 
5% cowpea seeds significantly (P<0.05) consumed higher feed than those 
of the other groups, followed by that consumed 10% cowpea seeds. The 
lowest feed intake was observed in birds fed o n15% cow pea seeds, it 
was significantly (P<0.05) different from other dietary treatments. Hen-
day egg production of birds fed the control diet was significantly   
(P<0.01) higher than other treatments. Birds fed 5 and 10% cowpea seeds 
produced eggs more than those fed on 15%. Thee two dietary treatments 
were similar (P>0.05). The lowest hen-day egg production was observed 
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Table (5.7): Effect of feeding different dietary levels of cowpea (Vigna 
unguiculata) seeds on layers performance (42nd week of age) 
Dietary levels of cowpea seed % 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM 
Feed intake (g/bird/day) 81.40a 81.44a 68.25b 62.30c 6.11 
Egg production (hen-day %) 65.31a 50.44ab 4.17b 30.01c 7.11 
Egg weight (g/egg) 69.07 69.27 68.7 68.33 6.31 
FCR (kg feed/kg egg) 2.60b 2.47b 3.33a 3.46a 0.17 
FCR (kg feed/kg/dozen egg) 1.66b 1.53b 2.35a 2.50a 0.81 
Change in body weight (g) +17.12a -49.68b -69.78c -70.16c 17.33 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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in birds fed on 15% cowpea seeds, this treatment was significantly 
(P<0.05) different from other dietary treatments. FCR (kg/feed/kg egg) 
and FCR (kg feed/dozen egg) were significantly (P<0.01) affected by 
dietary treatments. The highest feed conversion ratio recorded by birds 
given 10 and 15% cowpea seeds, they were similar (P>0.05). The lowest 
FCRs were observed in birds fed on the control diet and 5% cowpea 
seeds, these treatments were not significantly (P>0.05) different. Body 
weight change was significantly influenced by dietary treatments. The 
only positive body weight change observed in the birds fed the control 
diet and it was significantly (P<0.05) lower compared to other groups. 
The highest bodyweight change was found in birds fed 10 and 15% 
cowpea seeds, it followed by that fed on 5% cowpea seeds.  
Results of the effect of dietary treatments on overall performance 
(31st – 42nd week of age) of layer hens are given in Table (5.8). All 
parameters except egg weight were significantly (P<0.05) affected by 
dietary treatments. Feed intake of birds fed the control diet and those 
received 5% cowpea seeds were significantly (P<0.05) higher than those 
fed other dietary treatments,  followed by those fed 10% cowpea seeds 
which was not significantly (P>0.05) different from that fed 5% cowpea 
seeds the lowest feed intake observed in birds those given 15% cowpea 
seeds. Relation between levels of inclusion of cowpea seeds and feed 
intake are illustrated in Fig 5.1 Hen-day egg production of birds fed the 
control diet and those supplemented with 5% cowpea seeds were 
significantly (P<0.05) higher compared to other treatments. In birds fed  
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Table (5.8): Effect of dietary levels of cowpea (Vigna unguiculata) seeds on 
layers performance during experimental period (31st – 42nd 
week of age) 
Levels of cowpea (Vigna unguiculata) 
seeds % Parameters 
0 (A) 5 (B) 10 ( C) 15 (D) 
+SEM 
Feed intake (g/bird/day) 84.88a 79.18ab 72.97b 66.82c 2.65 
Hen-day egg production  % 67.93a 63.09b 46.35b 33.66c 4.51 
Egg wt (g/egg)  70.79a 68.74a 69.50a 67.67a 2.05 
FCR (kgfeed/kg egg) 3.18a 2.02a 1.57b 1.71b 0.12 
 (kg egg/dozen) 1.25b 1.29b 3.14a 4.02a 0.15 
Change in body weight (g) 11.33a 15.24ab 18.00abc 20.10bc 13.22 
Values are means of 216 samples per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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Fig. (5.1): Feed intake (g/ bird/day) of laying hen as affected by inclusion 
of dietary levels (%) of raw cowpea during experimental 
period. 
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diet with 15% cowpea seeds, egg production decreased to about 50% 
compared to the control and 5% cowpea seeds. Birds given 10% cowpea 
seeds produced egg significantly (P<0.05) lower than those fed the 
control and 5% cowpea seed but higher than those fed 15% cowpea 
seeds.Relation between levels of inclusion of cowpea seeds and egg 
production was shown in Fig 5.2. FCR (kg feed/kg egg) and FCR (kg 
feed/dozen egg) were significantly (P<0.05) affected by dietary 
treatment.  Birds received 10 and 15% cowpea seeds observed to have  
higher FCRs compared to other treatments. FCR (Kg feed/kg eggs 
weight) as affected by cowpea seeds illestrated in Fig 5.3. Dietary 
treatments were not significantly (P<0.05) influenced the body weight 
change or mortality rate.Relation between egg weight and  levels of 
cowpea seeds inclusion in the diet was shown in Fig 5.4.Performance 
during weeks (31th, 33th, 35th, 37th, 39th,  and 41th) were presented in 
appendices 1, 2, 3, 4, 5 and 6. 
5.3.2 External quality characteristics of eggs: 
  In the term (31st – 32nd week of age), as shown in table (5.9), the 
external quality characteristics of egg were not significantly (P<0.05) 
influenced by dietary treatments. 
 Through the term (33rd – 34th week of age), as presented in table 
(5.10), only the egg shape index was not significantly (P>0.05) affected 
by dietary treatments. Egg sample weight of the birds fed the control diet 
and that supplemented with 5% cowpea seed was significantly (P<0.01) 
higher than other treatments. These dietary treatments were similar 
(P>0.05). Egg sample weight of the birds given 10% cowpea seed was 
significantly  (P<0.05)  higher  than  those  than  those fed 15% cowpea  
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Fig. (5.2): Relation between levels of inclusion of cowpea seeds,  and egg 
production (%) of laying hens during experimental period. 
 
 
 
 
 
 
 
 130
 
 
0
1
2
3
4
5
0 5 10 15
Level of cow pea seeds
FC
R
 (k
g 
fe
ed
/k
g 
eg
g)
FCR
 
Fig. (5.3): Relation between levels of inclusion of cowpea seeds, (%) and 
FCR (Kg feed/kg egg)of laying hens during experimental 
period. 
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Fig. (5.4): Relation between levels of inclusion of cowpea seeds and egg 
weight (g/egg) during experimental period. 
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Table (5.9): External quality characteristics of egg from layers 
feddifferent dietary levels of seeds of cowpea (Vigna 
unguiculata) seeds (31st – 32nd  week of age) 
Level of cowpea seeds 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM 
Egg weight (g) 70.22 69.41 67.18 68.10 1.54 
Maximum length (cm) 5.40 5.37 5.42 5.43 0.20 
Maximum width (cm) 4.25 4.30 4.28 4.32 0.05 
Shell weight (g) 5.80 5.67 5.70 5.77 0.32 
Shell thickness (g) 0.310 0.322 0.350 0.299 0.01 
Egg shape index 0.802 0.793 0.803 0.795 0.018 
% Shell 12.54 12.40 11.80 12.61 0.53 
Values are means of 6 replicates per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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Table (5.10): External quality characteristics of egg from layers 
feddifferent dietary levels of cowpea (Vigna unguiculata) 
seeds (33rd – 34th week of age) 
Level of cowpea seeds 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM 
Egg weight (g) 70.74a 70.43a 66.05b 64.81c 0.90 
Maximum length (cm) 5.41a 5.25ab 5.10b 4.92c 0.08 
Maximum width (cm) 4.22a 4.20a 4.15ab 4.05c 0.04 
Shell weight (g) 5.77a 5.41b 5.28b 5.10c 0.11 
Shell thickness (g) 0.302a 0.301a 0.282b 0.265c 0.006 
Egg shape index 0.800a 0.784a 0.795a 0.798a 0.008 
% Shell 11.89c 12.37a 11.83c 12.09b 0.29 
Values are means of 6 replicates per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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seeds which was significantly (P<0.05) different from other dietary 
treatments. Maximum length, maximum width, shell thickness, and   
shell weight were significantly (P<0.05) influenced by dietary treatments. 
Birds fed the control diet and that fed 5% cowpea seeds were 
significantly (P<0.05) higher in these parameters than other dietary 
treatments. The lowest  value was observed in birds fed 15% cowpea 
seeds, it was significantly (P<0.01) different from other groups. Shell % 
recorded higher values in birds fed 5 and 15% cowpea seeds than other 
dietary treatments. Egg shape index was not significantly (P>0.05) 
influenced by dietary treatments. 
 Results revealed that, during 35th – 36th week of age, as shown in 
table (5.11) all parameters were significantly (P<0.05) affected by dietary 
treatments. Egg sample weight and shell weight of the birds fed the 
control diet and that given 5% cowpea seeds were significantly (P<0.05) 
higher than other dietary treatments. These treatments (the control and 
5% cowpea seeds) were significantly (P<0.01) different. Maximum 
length and maximum width and egg shape index were significantly 
(P<0.05) higher in birds fed the control diet followed by those fed 5 and 
10% cowpea seeds which were similar (P>0.05).  
 The lowest value was observed in birds fed 15% cowpea seeds 
which was significantly (P<0.05) different from other dietary treatments. 
Shell thickness of birds fed the control diet and those fed 5% cowpea 
seeds was significantly (P<0.05) higher than other dietary treatments 
which were statistically similar (P>0.05). Shell % of birds given the 
control  diet  was  significantly (P<0.05)  higher than other treatments, it 
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Table (5.11): External quality characteristics of egg from layers fed 
dietary levels of  cowpea (Vigna unguiculata) seeds (35th – 
36th week of age) 
Level of cowpea seeds 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM 
Egg weight (g) 71.14a 68.32b 62.78c 62.28c 0.95 
Maximum length (cm) 5.50a 5.12b 5.09b 4.78c 0.09 
Maximum width (cm) 4.25a 4.08b 4.09b 3.85c 0.06 
Shell weight (g) 5.80a 5.57b 5.22c 4.77d 0.14 
Shell thickness (g) 0.312a 0.309a 0.278b 0.259b 0.05 
Egg shape index 0.801a 0.772b 0.763b 0.747c 0.008 
% Shell 12.10a 12.06b 11.20d 11.81c 0.3 
Values are means of 6 replicates per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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followed by those fed 5% cowpea seeds. The lowest value observed in 
birds fed on 15% cowpea seeds. Each dietary treatment was significantly 
(P<0.05) different from other groups. 
 During 37th – 38th week of age, as in table (5.12) the external 
quality characteristics of eggs were significantly (P<0.05) influenced by 
dietary treatments. Birds fed the control diet recorded significantly 
(P<0.05) the highest values in egg sample weight, maximum length, 
maximum width, shell weight, shell thickness and egg shape index, 
followed by those fed 5% cowpea seeds. The lowest values were 
observed in birds fed 15% cowpea seeds. Shell % was significantly 
(P<0.05) higher in birds fed on the control diet. This dietary treatment 
was significantly (P<0.05) higher than those fed 10% which was 
significantly (P<0.05) different from other dietary treatments. Birds 
given 5 and 15% cowpea seeds were not significantly (P>0.05) different. 
 In 39th – 40th week of age, as presented in table (5.13) all 
parameters were significantly (P<0.05) affected by dietary treatments. 
Egg sample weight and shell weight were found to be higher for birds on 
the control compared to the others which were significantly (P<0.05) 
different, followed by those fed on 5% cowpea seeds. The lower values 
observed in birds fed 10 and 15% cowpea seeds than other groups. Shell 
thickness and maximum width she % were significantly affected 
(P<0.05) by dietary treatments. They were found to be higher for birds 
fed the control diet compared to other treatments. Birds received 5 and 
10%  cowpea  seeds  observed to  have  higher values than those fed 5%,  
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Table (5.12): External quality characteristics of egg from layers fed 
different dietary levels of  cowpea (Vigna unguiculata) seeds 
(37th – 38th week of age) 
Level of cowpea seeds 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM 
Egg weight (g) 69.74a 65.69b 60.92c 60.88c 1.08 
Maximum length (cm) 5.46a 5.10b 4.95b 4.63c 0.10 
Maximum width (cm) 4.12a 4.02b 3.98c 3.72d 0.07 
Shell weight (g) 5.77a 5.49b 5.11c 4.38d 0.16 
Shell thickness (g) 0.301a 0.298b 0.270c 0.255d 0.08 
Egg shape index 0.782a 0.750b 0.753b 0.735b 0.007 
% Shell 11.98a 11.79b 11.05c 11.52b 0.35 
Values are means of 6 replicates per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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Table (5.13): External quality characteristics of egg from layers fed 
different  dietary levels of cowpea (Vigna unguiculata) seeds 
(39th – 40th week of age) 
Level of cowpea seeds 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM 
Egg weight (g) 68.73a 63.15b 59.64c 55.88d 1.05 
Maximum length (cm) 5.01a 4.98b 4.69cd 4.41c 0.17 
Maximum width (cm) 4.09a 3.97b 3.91b 3.56c 0.06 
Shell weight (g) 5.40a 5.03b 4.82c 4.01d 0.19 
Shell thickness (g) 0.302a 0.280b 0.263b 0.236c 0.005 
Egg shape index 0.784a 0.743b 0.791a 0.802a 0.006 
% Shell 11.88a 11.68b 11.42b 11.26c 0.48 
Values are means of 6 replicates per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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which was significantly (P<0.05) different. Ten and 5% cowpea seeds 
dietary treatment were not significantly (P>0.05) different. Maximum 
length was significantly (P<0.05) influenced by dietary treatments. It was 
significantly (P<0.05) higher in birds fed the control diet compared to the 
others, followed by those fed on 5% cowpea seeds, which was 
significantly (P<0.05) different from others. The lowest value observed 
in birds fed 10% cowpeas, although it was not significantly (P< 0.05) 
different from those fed 15% cowpea seeds.  
 The birds during this period 41st – 42nd week of age, as shown in 
table (5.14), their egg shape index was not significantly (P<0.05) 
influenced by dietary treatments. Maximum length and shell thickness 
was found to be higher in birds fed the control and those given 5% 
cowpea seeds compared to the others. The lowest value observed in birds 
fed 15% cowpea seeds, it was significantly (P<0.05) different from 
others. Egg sample weight and shell weight were significantly affected 
by dietary treatments. Higher value observed by birds fed the control 
diet, it was significantly (P<0.05) different from others. Followed by 
those fed 5% cowpea seeds which was significantly differ (P<0.05) from 
10% cowpea seeds. The lowest values recorded by birds fed 15% cowpea 
seeds. Dietary treatments were significantly (P<0.05) affected maximum 
width. Birds fed the control diet was significantly (P<0.05) higher in 
maximum width followed by those fed 5% cowpea seeds, which was 
similar to those fed 10%. The lowest values recorded in birds fed 10 and  
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Table (5.14): External quality characteristics of egg from layers fed 
dietary levels of decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) seeds (41st – 42nd week of age) 
Level of cowpea seeds 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM 
Egg weight (g) 68.49a 64.21b 59.46c 56.61d 1.08 
Maximum length (cm) 5.02a 5.03a 4.71b 4.40c 0.18 
Maximum width (cm) 4.31a 4.02b 3.95bc 3.51c 0.05 
Shell weight (g) 5.49a 5.12b 4.72c 4.05d 0.23 
Shell thickness (g) 0.314a 0.305a 0.274b 0.248c 0.006 
Egg shape index 0.796a 0.782a 0.790a 0.784a 0.009 
% Shell 12.10b 12.54a 11.84bc 11.39c 0.56 
Values are means of 6 replicates per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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15% cowpea seeds. Shell % was higher in birds fed 5% cowpea seeds 
followed by that fed the control diet. The lowest value observed in birds 
fed 15% cowpea seeds. 
 The effect of dietary treatments on overall external quality 
characteristics of eggs from (31st to 42nd week of age) layers hen are 
shown in Table (5.15). No significant (P>0.05) dietary effect for egg 
shape index. Weight of egg sample was significantly (P<0.05) affected 
by the dietary treatments. It was found to be significantly (P<0.05) higher 
for birds fed the control diet compared to the others. The lowest values 
observed in birds given 10 and 15% cowpea seeds, which were not 
significantly (P>0.05) different. Egg weight sample of birds fed on 5% 
cowpea seeds was significantly (P<0.05) higher compared to that fed 10 
and 15% cowpea seeds. Maximum length was significantly (P< 0.05) 
influence by the dietary treatments. It was found to be significantly 
higher (P<0.05) for birds that received the control diet and 5% cowpea 
seeds than the other dietary treatments. They were similar (P>0.05). It 
was slightly higher but non significantly (P>0.05) different for birds 
given 10% cowpea seeds than that for birds fed 15% cowpea seeds. 
Maximum width was significantly (P<0.05) affected by dietary 
treatments. It was found to be significantly (P<0.05) higher for birds that 
received the control diet and 5% cowpea seeds than the other dietary 
treatments. They were similar (P>0.05). Birds fed 10% cowpea seeds 
recorded higher value compared to those given15% cowpea seeds. Shell 
weight was significantly (P<0.05) influenced by dietary treatments. Birds  
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Table (5.15): External quality characteristics of eggs from layers fed  
dietary levels of cowpea (Vigna unguiculata) seeds during  
experimental period (31st–42ed week of age) 
Levels of cowpea seeds % 
Parameters 
0 (A) 5 (B) 10 ( C) 15 (D) 
+SEM 
Egg weight (g) 69.18a 67.51ab 65.27c 65.19c 0.82 
Maximum length (cm) 5.40a 5.39a 5.27b 5.18bc 0.14 
Maximum width (cm) 4.30ab 4.29ab 4.21b 4.12bc 0.03 
Shell weight (g) 5.60a 5.57b 5.56b 4.12bc 0.09 
Shell thickness (mm) 0.391a 0.3282ab 0.320c 0.320c 0.005 
Egg shape index 0.792 0.803 0.785 0.770 0.006 
% Shell 12.30a 12.26ab 11.89bc 11.74c 0.17 
Values are means of 72 samples per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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fed the control diet observed to have significantly (P<0.05) higher shell 
weight compared to the others treatment which were similar (P>0.05). 
Dietary treatments was significantly influenced shell thickness. It was 
found to be significantly (P<0.05) higher for birds that received the 
control diet and 5% cowpea seeds than the other dietary treatments. Birds 
given 10 and 15% cowpea seeds were significantly (P<0.05) lower than 
the other treatments, they were statistically similar (P>0.05). 
Shell % was significantly (P<0.05) affected by dietary treatments. 
Birds fed on the diet supplemented with5% cowpea seeds and those  fed 
the  control  were  significantly  (P<0.05)  higher  than  the  other 
treatments. They were similar (P>0.05). Five percent cowpea seeds was 
slightly less than the control but, it was not significantly (P>0.05) 
different from those fed 10% cowpea seeds. The lowest shell % value 
was observed in birds fed 15% cowpea seed, although it was similar to 
that fed 10% cowpea seeds. 
5.3.3 Internal quality characteristics of eggs: 
  There was no significant (P>0.05) dietary effect for all internal 
quality characteristics through (31st – 32nd week of age) as shown in table 
(5.16). 
 In this period (33rd – 34th week of age), as presented in table (5.17) 
dietary treatments had no significant (P>0.05) effect for all internal 
quality characteristics of eggs except for yolk weight, which was 
significantly (P<0.05) affected. Higher yolk weight was significantly 
(P<0.05) observed in the birds received the control diet and 5% cowpea 
seeds compared to the other treatments. Yolk weight for birds given 10%  
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Table (5.16): Internal quality characteristics of egg from layers fed 
different dietary levels of cowpea (Vigna unguiculata) seeds 
(31st – 32nd week of age) 
Level of cowpea seeds 
Parameters 
0 (A) 5 (B) 10 (C) 15 (B) 
+SEM 
Albumin height (mm) 8.10 8.12 8.15 8.10 0.22 
Albumin diameter (cm) 7.20 7.17 7.16 7.21 0.09 
Albumin weight (g) 26.88 27.05 26.91 28.01 2.42 
Albumin index 0.114 0.112 0.113 0.112 0.005 
Albumin % 60.55 61.60 60.53 62.00 1.88 
Yolk height (cm) 9.45 8.97 9.66 9.50 0.51 
Yolk diameter (cm) 3.37 3.40 3.35 3.42 0.05 
Yolk weight (g) 13.40 12.61 13.27 12.70 0.76 
Yolk index 0.280 0.279 0.281 0.279 0.014 
Yolk % 29.21 28.19 27.12 28.22 1.82 
Yolk Colour score 2.46 2.95 3.42 2.88 0.27 
Haught unit 97.80 98.62 99.41 98.07 0.92 
Values are means of 6 replicates per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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Table (5.17): Internal quality characteristics of egg from layers fed 
dietary levels of cowpea (Vigna unguiculata) seeds (33rd – 34th 
week of age) 
Level of cowpea seeds 
Parameters 
0 (A) 5 (B) 10 (C) 15 (B) 
+SEM 
Albumin height (mm) 8.22 8.19 8.20 8.18 0.34 
Albumin diameter (cm) 7.33 7.41 7.35 7.40 0.081 
Albumin weight (g) 27.12 26.98 27.10 27.10 3.01 
Albumin index 0.115 0.117 0.117 0.111116 0.007 
Albumin % 62.32 64.05 62.21 63.18 1.89 
Yolk height (cm) 9.20 9.18 9.23 9.20 0.72 
Yolk diameter (cm) 3.44 3.51 3.41 3.45 0.06 
Yolk weight (g) 14.21a 14.19a 13.05b 12.10c 0.77 
Yolk index 0.260 0.265 0.260 0.270 0.017 
Yolk % 29.38 28.97 29.04 0.290 1.81 
Yolk Colour score 2.51 2.49 2.50 2.48 0.30 
Haught unit 98.68 99.23 98.64 99.40 0.95 
Values are means of 6 replicates per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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cowpea seeds was significantly (P<0.05) lower than those fed the control 
and 5% cowpea seeds. The lowest yolk weight was significantly (P<0.05) 
lower than those fed the control and 5% cowpea seeds. The lowest yolk 
weight was significantly (P<0.05) recorded for the birds fed 15% cowpea 
seeds.  
 There was no significant (P>0.05) dietary effect for all internal 
quality characteristics of eggs during (35th – 36th week of age) except for 
albumin weight which was significantly (P<0.05) influenced by dietary 
treatments. Albumin weights for birds fed the control diet and 5% 
cowpea seeds were similar (P>0.05), however they were significantly 
(P<0.05) higher than that for both birds fed 10 and 15% cowpea seeds, 
which were similar (P>0.05). Yolk colour score for birds fed 15% 
cowpea seeds was similar (P>0.05) to that for birds fed 10% cowpea 
seeds, however it was significantly (P<0.05) higher than that of the 
control and those birds fed 5% cowpea seeds, which were not 
significantly (P>0.05) different as presented in table (5.18). 
 During this period (37th – 38th week of age), as shown in table 
(5.19) dietary treatments was significantly (P<0.05) influenced only 
albumin weight.   
 Albumin weight was significantly (P<0.05) affected by dietary 
treatments through 39th – 40th week, as presented in table (5.20) of age. 
Birds fed the control diet and those birds fed 5% cowpea seeds were 
significantly showed (P<0.05) higher values of albumin weight compared 
to others. They were statistically similar (P>0.05).  Albumin  weight    
for  birds fed 10%  cowpea seeds  was  similar (P>0.05) to that for birds 
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Table (5.18): Internal quality characteristics of egg from layers fed 
different dietary levels of cowpea (Vigna unguiculata) seeds 
(35th – 36th week of age) 
Level of cowpea seeds 
Parameters 
0 (A) 5 (B) 10 (C) 15 (B) 
+SEM 
Albumin height (mm) 8.40 8.35 8.41 8.32 0.09 
Albumin diameter (cm) 7.20 7.18 7.16 7.12 0.05 
Albumin weight (g) 29.52a 29.48a 26.18b 25.10b 0.84 
Albumin index 0.119 0.117 0.118 0.119 0.002 
Albumin % 63.44 64.28 3.22 64.16 0.66 
Yolk height (cm) 11.20 11.09 10.30 11.10 0.32 
Yolk diameter (cm) 3.35 3.47 3.4 3.45 0.07 
Yolk weight (g) 12.11 11.88 12.20 11.72 0.43 
Yolk index 3.35 3.47 3.34 3.45 0.07 
Yolk % 26.18 24.26 25.30 24.40 0.53 
Yolk Colour score 2.62b 2.54b 3.40a 3.67a 0.10 
Haught unit 100.70 100.34 99.87 100.91 0.43 
Values are means of 6 replicates per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
 
 
 
 
 148
 
Table (5.19): Internal quality characteristics of egg from layers fed  
different dietary levels of cowpea (Vigna unguiculata) seeds 
(37th – 38th week of age) 
Level of cowpea seeds 
Parameters 
0 (A) 5 (B) 10 (C) 15 (B) 
+SEM 
Albumin height (mm) 8.55 8.43 8.47 8.56 0.09 
Albumin diameter (cm) 7.18 7.21 7.16 7.20 0.06 
Albumin weight (g) 29.66a 29.57a 25.10b 24.05b 0.81 
Albumin index 0.117 .118 0.119 0.118 0.003 
Albumin % 64.24 63.30 62.70 63.48 0.62 
Yolk height (cm) 11.30 12.07 11.28 11.31 0.25 
Yolk diameter (cm) 3.29 3.32 3.40 3.38 0.05 
Yolk weight (g) 12.50 11.60 11.75 12.18 0.40 
Yolk index 0.342 0.339 0.341 0.335 0.012 
Yolk % 26.30 2.28 25.77 25.60 0.51 
Yolk Colour score 2.04b 2.10b 3.48a 3.57a 0.16 
Haught unit 100.41 99.40 100.87 100.37 0.42 
Values are means of 6 replicates per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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Table (5.20): Internal quality characteristics of egg from layers fed different 
dietary levels of cowpea (Vigna unguiculata) seeds (39th – 40th 
week of age) 
Level of cowpea seeds 
Parameters 
0 (A) 5 (B) 10 (C) 15 (B) 
+SEM 
Albumin height (mm) 8.47 8.41 8.39 8.37 0.09 
Albumin diameter (cm) 7.20 7.31 7.19 7.232 0.08 
Albumin weight (g) 28.72a 29.60a 24.37b 23.71b 0.90 
Albumin index 0.119 0.117 0.119 0.118 0.004 
Albumin % 64.30 64.21 63.20 64.19 0.72 
Yolk height (cm) 11.24 11.98 12.07 11.33 0.35 
Yolk diameter (cm) 3.40 3.35 3.45 32.39 0.06 
Yolk weight (g) 11.98 12.15 11.76 11.96 0.42 
Yolk index 0.342 0.337 0.345 0.312 0.012 
Yolk % 26.27 27.11 236.30 25.82 0.63 
Yolk Colour score 2.10c 2.22c 3.56b 4.03a 0.18 
Haught unit 99.57 100.22 98.91 100.28 0.49 
Values are means of 6 replicates per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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fed 15% cowpea seeds, however it was significantly (P<0.05) lower than 
the control.  
 During this period (41st – 42nd week of age), aspresented in table 
(5.21) only parameter that significantly (P<0.05) affected by dietary 
treatments was albumin weight. Birds fed the control diet was recorded 
significantly (P<0.05) higher albumin weight compared to others, it was 
similar (P>0.05) to that for birds fed 5% cowpea seeds. Birds fed 10 and 
15% cowpea seeds observed to have significantly (P<0.05) lower 
albumin weight; they were statistically similar (P>0.05).   
 The effect of dietary treatments on overall internal quality 
characteristics of eggs from (31st – 42nd week of age) layer hens is shown 
in Table (5.22). No significantly (P>0.05) dietary effect for all internal  
quality characteristics during this period except for albumin weight, 
albumin percentage and yolk index. Albumin weight was significantly 
(P<0.05) influenced by dietary treatments. It was significantly (P<0.05) 
higher in birds fed 5% cowpea seeds than others groups. Birds fed the 
control diet was not significantly (P>0.05) different from those fed 10% 
cowpea seeds. Albumin percentage was significantly (P<0.05) higher in 
birds fed 15% cowpea seeds compared to others in which those fed the 
control diet and those birds fed 5% cowpea seeds was similar (P> 0.05). 
The lowest albumin weight was observed in birds fed 10% cowpea seeds. 
Yolk index was significantly (P<0.05) higher for birds fed 5% cowpea 
seeds compared to others. It was statistically similar to those birds fed 
15% cowpea seeds. Yolk index for birds fed the control diet, 10 and 15% 
cowpea seeds were not significantly (P> 0.05) different.  
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Table (5.21):  Internal quality characteristics of egg from layers fed 
different dietary levels of cowpea (Vigna unguiculata) seeds 
(41st – 42nd week of age) 
Level of cowpea seeds 
Parameters 
0 (A) 5 (B) 10 (C) 15 (B) 
+SEM 
Albumin height (mm) 8.52 8.50 8.49 0.08 .22 
Albumin diameter (cm) 7.25 7.41 7.34 7.35 0.09 
Albumin weight (g) 29.65a 29.40a 25.18b 24.08b 0.92 
Albumin index 0.119 0.117 0.118 0.119 0.005 
Albumin % 65.13 66.20 64.44 65.23 0.84 
Yolk height (cm) 11.26 11.95 12.60 11.81 0.46 
Yolk diameter (cm) 3.42 3.61 3.39 3.40 0.08 
Yolk weight (g) 11.88 12.34 11.90 11.89 0.53 
Yolk index 0.340 0.352 0.348 0.346 0.013 
Yolk % 26.32 27.41 26.56 26.44 0.63 
Yolk Colour score 2.12 2.40 3.80 4.75 0.22 
Haught unit 100.40 99.88 100.14 100.20 0.55 
Values are means of 6 replicates per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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Table (5.22): Internal quality characteristics of eggs from layers fed  
dietary levels of cowpea (Vigna unguiculata) seeds during 
experimental period (31st – 42nd week of age) 
Levels of cowpea seeds % 
Parameters 
0 (A) 5 (B) 10 ( C) 15 (D) 
+SEM 
Albumin height (mm) 8.72a 8.51a 8.25a 8.22a 0.09 
Albumin diameter (cm) 7.20a 7.20a 7.17a 7.128a 0.08 
Albumin weight (g) 29.11b 32.40a 30.05b 27.89c 0.78 
Albumin index 0.120a 0.116a 0.118a 0.115a 0.005 
Albumin % 63.58ab 63.65ab 62.28bc 65.11a 0.76 
Yolk height (mm) 120.09a 10.69a 10.67a 10.48qa 0.20 
Yolk diameter (cm) 3.41a 3.32a 3.28a 3.36a 0.04 
Yolk weight (g) 11.80a 11.53a 11.35a 11.04a 0.38 
Yolk index 0.312b 0.328a 0.311b 0.316ab 0.008 
Yolk % 26.34a 25.71a 24.18a 23.87a 0.72 
Yolk colour 1.15 1.15 1.30 1.42 0.09 
Haugh unit 98.90a 99.20a 98.87a 98.99a 0.48 
 
Values are means of 216 samples per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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5.3.4 Plasma constituents:   
 The effect of different dietary levels of cowpea seeds on plasma 
constituents of (31st – 42nd) week of age layer chickens are presented in 
Table (5.23). There was no significant (P>0.05) dietary effect for all 
plasma constituents except for plasma albumin and cholesterol. For both 
diameters, birds fed the control diet and those given 5% cowpea seeds 
were similar (P>0.05) and they were  significantly (P<0.05) higher 
compared to other dietary treatments. The lowest value of cholesterol 
was significantly (P<0.05) observed for birds received 15% cowpea 
seeds. 
5.3.5 Effect of dietary levels of cowpea seeds on egg protein, lipids 
and egg cholesterol: 
 Egg protein was significantly (P<0.05) affected by dietary 
treatments as shown in Table (5.24). During 31st – 32nd week of age egg 
protein was significantly (P<0.05) reduced for birds those given 10 and 
15% cowpea seeds. Higher values observed significantly (P<0.05) for 
birds fed the control diets and for those received 5% cowpea seeds. 
      Through 33rd – 34th week of age, egg protein was significantly    
(P<0.05) influenced by dietary treatments. Higher values recorded 
significantly (P<0.01) for birds fed the control diets followed by those 
fed 5% cowpea seeds. The lowest value significantly observed (P<0.05) 
for birds fed 15% cowpea seeds. Egg protein, through 35th – 36th week of 
age, was found to be higher (P<0.05) for birds fed the control and those 
fed 10% cowpea seeds compared to others dietary treatments which were  
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Table (5.23): Effect of dietary levels of cowpea (Vigna unguiculata) seeds 
on plasma constituents of layer during  experimental (31st – 
42nd week of age) 
Levels of cowpea (Vigna unguiculata) 
seeds % Parameters 
0 (A) 5 (B) 10 ( C) 15 (D) 
+SEM 
Hb% 78.10a 74.08a 76.15a 75.20a 10.34 
Ca (mg/dl) 7.86a 7.79a 7.890a 7.92a 0.07 
Na (mEq/l) 170.50a 169.83a 171.92a 169.95a 30.8 
K mEq/l) 4.70a 4.54a 4.68a 4.68a 0.09 
Total protein (g/dl) 5.70a 5.65a 5.73a 5.72a 0.41 
Albumin (g/dl) 2.90a 3.01a 2.50b 2.53b 0.28 
Globulin (g/dl) 3.20a 2.89a 2.91a 2.88a 0.11 
Cholesterol (mg/dl) 196.15a 191.70a 189.77b 167.40c 5.14 
Uric acid (mg/dl) 2.90a 2.81a 2.82a 2.70a 0.12 
Glucose (mg/dl) 195.45a 194.78a 192.69a 189.14a 6.45 
 
Values are means of 216 samples per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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Table (5.24): Effect of feeding dietary levels of cowpea (Vigna unguiculata) 
seeds on egg protein (mg/g) in laying-hens. (values are 
means + SEM) 
Laying period (weeks) 
Diets 
31 – 32 33 – 34 35 – 36 37 – 38 39 – 40 41 – 42 
Control 15.40 ± 
0.77a 
15.08 ± 
1.23a 
14.12 ± 
1.05a 
15.30 ± 
0.97a 
15.42 ± 
1.02a 
14.46 ± 
0.96a 
5% cowpea 15.37 ± 
1.42a 
14.82 ± 
0.98ab 
13.51 ± 
0.73b 
13.40 ± 
0.68b 
12.78 ± 
0.93bc 
13.43 ± 
0.73b 
10% cowpea 13.18 ± 
0.99b 
14.25 ± 
1.01b 
14.37 ± 
0.95a 
13.09 ± 
0.77b 
12.44 ± 
0.72c 
12.21 ± 
0.65c 
15% cowpea 13.20 ± 
0.87b 
13.75 ± 
0.82c 
13.44 ± 
1.41b 
12.47 ± 
0.85c 
13.61 ± 
0.69b 
12.37 ± 
0.69c 
Values are means of 72 samples per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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not significantly (P>0.05) different. In 37th – 38th week of age, birds 
those fed the control diet observed to have significantly (P<0.05) the 
highest value., while birds fed 5 and 10% cowpea seeds were similar    
(P>0.05). The lowest value significantly (P<0.05) recorded for birds fed 
125% cowpea seeds. During 39th – 40th week of age, highest value 
significantly (P<0.05) observed for birds fed the control diet followed by 
those birds fed 5 and 15% cowpea seeds which were similar (P>0.05).  
 Egg lipids were significantly (P<0.05) affected by dietary treat-
ments as presented in Table (5.25). Through 31st – 32nd and 33rd – 34th 
week of age, higher values of egg lipids significantly (P<0.05) observed 
for birds fed the control diet and those given 5% cowpea seeds which 
were not significantly (P>0.05) different compared to other dietary 
treatments which were similar (P>0.05). During 35th – 36th, 37th – 38th, 
39th – 40th and 41st – 42nd week of age, birds those fed the control diet 
observed  to  have  significantly (P<0.05) the  highest  value  followed by 
those birds fed 5 and 10% cowpea seeds which were not significantly  
(P>0.05) different. The lowest value was significantly (P<0.05) recorded 
for birds fed 15% cowpea seeds.  
 The effect of dietary treatments on yolk cholesterol was observed 
as shown in Table (5.26). During 31st – 32nd, 33rd – 34th and 35th – 36th 
weeks of age, yolk cholesterol was significantly (P<0.05) affected by 
dietary treatments. Higher values were significantly (P<0.05) observed 
for birds those fed the control diet, 5 and 10% cowpea seeds, which were 
similar (P>0.05). In 37th – 38th week of age, yolk cholesterol was 
significantly (P<0.05) higher compared to those fed 5% cowpea seeds. 
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Table (5.25): Effect of dietary levels of cowpea (Vigna unguiculata) seeds 
on egg lipids (mg/g) in laying-hens.  (values are means + 
SEM) 
Laying period (weeks) 
Diets 
31 – 32 33 – 34 35 – 36 37 – 38 39 – 40 41 – 42 
Control 65.14 + 
0.69a 
65.22 ± 
0.54a 
64.51 ± 
0.84a 
65.10 ± 
0.54a 
64.18 ± 
0.61a 
63.11 ± 
0.67a 
5% cowpea 64.21 ± 
0.54a 
64.33 ± 
0.66a 
62.17 ± 
0.69b 
61.22 ± 
0.69b 
60.24 ± 
0.69b 
59.0± 
0.71b 
10% cowpea 61.80 ± 
0.67b 
62.75 ± 
0.72bq 
60.05 ± 
0.72b 
59.40 ± 
0.48b 
58.25 ± 
0.72b 
57.12 ± 
0.51b 
15% cowpea 61.53 ± 
0.49b 
61.54 ± 
0.81b 
58.13 ± 
0.64c 
57.15 ± 
0.61c 
55.33 ± 
0.68c 
53.01 ± 
0.03c 
Values are means of 72 samples per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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The lowest value significantly (P<0.05) recorded for birds fed 15% 
cowpea seeds. Yolk cholesterol significantly (P<0.05) decreased in birds 
fed 10 and 15% cowpea seeds during 39th – 40th week of age. Higher 
value significantly (P<0.05) recorded for birds fed the control diet 
followed by those fed 5% cowpea seeds. Birds fed the control diet 
significantly (P<0.05) recorded higher value compared to those fed 5 and 
10% cowpea seeds which were not significantly (P>0.05) different, 
during this period, 41st – 42nd weeks of age significantly (P<0.05) 
reduction in yolk cholesterol was observed for birds received 15% 
cowpea seeds. 
 Effect of dietary treatments on serum cholesterol is presented in 
Table (5.27). Serum cholesterol was significantly (P<0.05) higher in 
birds fed the control diet followed by those fed 5, 10 and 15% cowpea 
seeds which were not significantly (P>0.05) different during 31st – 32nd 
and 33rd – 34th weeks of age. In 35th – 36th week of age serum cholesterol 
was not significantly (P>0.05) affected by dietary treatments. Through 
37th – 38th and 39th – 40th weeks of age serum cholesterol was 
significantly  (P<0.05)  higher  in  birds  fed the control diet compared to  
other dietary treatments. During 41st – 42nd week of age, serum 
cholesterol observed to have significantly (P<0.05) higher value in birds 
fed the control diet followed by those fed 5% cowpea seeds. Reduction in 
serum cholesterol was significantly (P<0.05) observed for birds received 
10 and 15% cowpea seeds which were similar (P>0.05).  
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Table (5.26): Effect of dietary levels of cowpea (Vigna unguiculata) seeds 
on yolk cholesterol (mg/g) in laying-hens.  (values are means 
+ SEM) 
Laying period (weeks) 
Diets 
31 – 32 33 – 34 35 – 36 37 – 38 39 – 40 41 – 42 
Control 16.20 ± 
0.3a 
16.38 ± 
0.5a 
15.12 ± 
0.6a 
15.44 ± 
0.3a 
15.34 ± 
0.8a 
14.31  ± 
0.7a 
5% cowpea 15.43 ± 
0.5a 
15.11 ± 
0.3a 
15.09 ± 
0.4a 
15.38 ± 
0.5a 
14.60 ± 
0.4b 
13.12 ± 
0.5b 
10% cowpea 15.33 ± 
0.9a 
14.232 
±0.4a 
15.10 ± 
0.8a 
14.42 ± 
0.3b 
13.05 ± 
0.3c 
13.05 ± 
0.3b 
15% cowpea 14.09 ± 
0.4b 
13.10 ± 
0.3b 
14.70 ± 
0.6b 
13.11 ± 
0.6c 
13.11 ± 
0.4c 
12.60 ± 
0.5c 
Values are means of 72 samples per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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Table (5.27): Effect of dietary levels of cowpea (Vigna unguiculata) seeds 
on mean serum cholesterol (mg/dl) in laying-hens.  (values 
are means + SEM) 
Laying period (weeks) 
Diets 
31 – 32 33 – 34 35 – 36 37 – 38 39 – 40 41 – 42 
Control 177 ± 
7.3s 
183 ± 
5.4a 
190 ± 
5.3 
187 ± 
5.2a 
171 ± 
5.8a 
158 ±  
6.2a 
5% cowpea 158 ± 
6.4a 
190 ± 
8.6a 
185 ± 
8.6 
180 ± 
6.1ab 
153 ± 
2.7b 
149 ± 
4.3b 
10% cowpea 155 ± 
9.2b 
180 ± 
7.4ab 
180 ± 
6.1 
176 ± 
7.4b 
165 ± 
8.6ab 
145 ± 
3.1c 
15% cowpea 165 ± 
5.2b 
171 ± 
4.8b 
179 ± 
7.4 
176 ± 
3.5b 
155 ± 
7.4b 
140 ± 
2.7c 
 
Values are means of 72 samples per treatment  
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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5.4 Discussion: 
 The effect of dietary levels of cowpea seeds on overall 
performance of layers indicated that feed intake was consistently 
declined with increasing dietary levels of cowpea seeds. Hen-day egg 
production % of birds given the control diet and 5% cowpea seeds were 
higher than those fed 10 and 15% cowpea seeds. Efficiency of feed 
conversion was generally improved by the inclusion of cowpea seeds in 
the diet. These results coincided with Robinson and Singh (2001) 
findings in which was noticed adverse effect of inclusion of cowpea 
seeds on feed intake and hen-day production. These results were in 
agreement with Igbasan and Guenter (1997) who reported that inclusion 
of peas in poultry diets improved layers performance when diet contained 
high levels of field peas, egg production and feed intake were decrease. 
The consistent reduction in feed intake associated with the inclusion of 
cowpea seeds in layers diets may be due to some anti-nutritional factors 
such as trypsin inhibitors, protease inhibitors, haemagglutinins, tannin 
and phytate which lower the digestibility therefore reduce the 
consumption (Rehman, 2001). 
In the  present study, the most common effect of feeding cow-pea 
seeds to laying hens, was a decline in body weight gain or increase in 
body weight loss as the level of cowpea seeds increased. This is in 
agreement with Robinson and Singh (2001) who observed that body 
weight of laying hen decreased as concentration of grain legume 
increased, it is probable that over a longer period weight losses would 
become large enough to directly affect production capability. 
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  Mean values of external quality characteristics of eggs from 
31st – 42nd week of age layers fed dietary levels of cowpea seeds revealed 
the dietary treatments had no effect on egg shape index. Egg weight,  
shell weight, shell thickness and shell percentage were higher in birds 
supplemented with the 5% cowpea seeds and control diet, compared to 
that received 10 and 15% cowpea seeds, these results similar to the 
finding reported by with Igbasan and Gunter (1997) who noticed a 
reduction in egg weight sample, egg production, egg mass and shell 
quality by increasing level of field peas in layers diet. The authers 
attributed this effect to the poor feed intake and loss in body weight 
which lead to poor egg production during long period of time.Whereas, 
the  reduction of shell quality may be due to calcium and phosphorus 
chelation by phytate in cowpea seeds (Ion- Wo 2000). 
 The effect of dietary levels of cowpea seeds on internal quality 
characteristics of eggs of 31st – 42nd week of age layers revealed that 
albumin height, albumin diameter, albumin index, yolk height, yolk 
diameter, yolk weight, yolk % and haugh unit did not appear to be 
affected by the dietary treatments. In the current study, albumin weight, 
albumin % and yolk index were higher in the birds received 5% and 
control diet compared to other dietary treatment which were similar.  
 Mean values of plasma constituents of layers between 31st – 42nd 
week of age as affected by different levels of cowpea seeds revealed that 
plasma Ca, Na, K, total protein, globulin, uric acid, glucose and Hb % 
were significantly (P<0.05) affected by dietary treatments. Plasma 
cholesterol and albumin of birds fed the control and those supplemented 
 163
with 5% cowpea seeds were higher than to those fed 10 and 15% cow 
pea seeds and this may be attributed to the liver and kidney disorder.This 
explained by Oberleas et al., (1981) who reported that the absorption of 
these electrolytes (Ca, K, Na) and zinc may be un available in food 
containing high levels of phytate. Reduction in globulin, glucose, total 
protein and increment of serum uric acid might be as aresult of poor 
dietary protein utilization. 
 Egg lipids, egg protein, yolk cholesterol were influenced by 
inclusion of cowpea seeds in layers diet. Higher values of these 
parameters were observed for birds fed the control diet and those fed 5% 
cowpea seeds compared to those fed 10 and 15% cowpea seeds. These 
results are in agreement with the finding of Mottaghitalab and Taraz 
(2004) that the supplementation of garlic powder at 1% in layers hen diet 
reduce egg cholesterol from 16.9 mg/g yolk to 13.4 mg/g yolk. Shafey    
et al. (2003) investigated the relationship between type of grain and oil 
supplementation of blood and egg yolk cholesterol. It was found that 
dietary type of grain and oil supplement altered fatty acid profile of egg 
yolk and composition of plasma lipoproteins without having a significant 
effect on the overall performance or egg yolk content of lipids and 
cholesterol. Similar results have been reported by other research groups 
(Cherian and Sim, 1991; Ahu et al., 1995; Baucells et al., 2000). 
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CHAPTER SIX 
EXPERIMENT FOUR 
Effect of Dietary Treated Cowpea (Vigna unguiculata)  
Seeds on Layers Performance, Egg Quality and Plasma Constituents 
6.1 Introduction     
Cowpea (Vigna unguiculata) is one of grain legumes that form the 
bulk of plant protein used in live stock feeds used by the animal industry. 
The presence of anti-nutritional factors limits the utilization of 
cowpeas and legumes in general. It is known however that, treatment 
techniques like fermentation, roasting, germination and autoclaving can 
improve nutritional quality and bioactivity of nutrients present in 
legumes such as cowpeas. Treatment techniques are effective way of  
removing the undesirable components and enhanced effective utilization 
of the potential of legumes as feedstuff (Gloria et al., 1995).   
Previous studies were carried out by Nti et al. (1996). These 
authers reported that, complete inactivation of inhibitors was achieved by 
cooking whole cowpeas seeds after soaking and de-hulling. Nutritional 
benefits can be obtained by soaking, de-hulling and roasting. Simoongwe 
(1998) observed that egg production, feed consumption and body weight 
of pullets increased after roasting of cowpea. Robinson and Singh (2001) 
reported that, treatment of cowpeas especially roasting or de-hulling 
improved eggs production and digestibility of layer hens, therefore, the 
objective of this experiment was to assess the impact of feeding 
decorticated, decorticated roasted cowpeas seeds and enzyme 
supplementation on eggs production, eggs characteristics and blood 
parameters of laying hens.  
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6.2 Materials and Methods: 
 The experiment was conducted in an open-sided poultry house by 
using one battery. The trial was extended from 5th August to 10th 
December 2006 in Poultry Unit, Faculty of Animal Production, 
Khartoum University.  
6.2.1 Experimental birds: 
  Total of one hundered and fourty five( twenty eight weeks of age) 
Hisex laying hen were purchased form the local market. The birds were 
previously vaccinated against Mark’s disease at hatching. They were also 
vaccinated against (Gumboro) at two weeks of age, Newcastle disease at 
3 weeks of age and at 11 weeks against fowl pox. The debeacking 
process was done at 31week of age. Seventy two laying hens were  
selected for this experiment. Selection was based on the individual body 
weight. The birds were selected for this experiment. Selection was based 
on the individual body weight. The birds were subjected to adaptation 
period of 2 weeks before data collection. The experiment was started on 
5th August 2006 when the hen-day egg production was about 70%, live 
body weight ranged from 1300 – 1500 g.  
 The birds were divided into 4 groups, (18 birds/treatment). They 
were further sub-divided into 6 replicate groups of 3 birds each. 
6.2.2 Experimental house: 
 The experimental house as described in chapter 5, section 5.2.2. 
6.2.3 Preparation of raw and treated cowpea seeds: 
  As described in chapter 4,section 4.2.4.1 
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6.2.4 Experimental diets: 
 Four experimental diets were formulated: 
Ration (A) contained 15% level of raw cowpea seeds. 
Ration (B) contained 15% level of decorticated cowpea seeds 
Ration (C) contained 15% level of decorticated roasted cowpea seeds 
Ration D contained (15%) untreated  cowpea seeds supplemented with 
0.25g/ kg multi enzymes ( Pentosanase, Endo-1,4-B-Xylanase,Cellulase, 
Alpha-Amylase, Protease and Hemicellulase). All rations were 
formulated to meet the nutrients requirements of layers hen as outlined 
by the National Research Council (NRC, 1984). 
 The chemical composition of treated cowpea seeds (mechanically 
as decortications or roasting by heat) were shown in (4.3) in chapter four. 
The ingredients compositions of the experimental diets were shown in 
table (6.1). The calculated and the actual analysis of the experimental 
diets were  also shown. 
6.2.5 Management: 
 The management of the experimental birds as described in chapter 
5, section 5.2.4. 
6.2.5 Experimental procedure: 
 As described in chapter 5, section 5.2.5. 
6.2.6 Egg quality management: 
 As described in chapter 5 section 5.2.6. 
6.2.7 Collection of blood sample: 
 As described in chapter 5 section 5.2.7. 
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6.2.8 Enzymes application: 
 Multi enzymes were used in this experiment in powder form, the 
recommended dose being 0.25 g/kg. They were mixed with ration 
gradually in small amount and then mixed with the rations by a mixturing 
machine to ensure homogeneity.   
6.2.9 Data collection:  
As described in chapter 5.2.5 
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Table (6.1): Composition of experimental layers diets containing 
dietary cowpea (Vigna unguiculata) seeds with different 
treatments 
Dietary cowpea seeds with different treatments    
Ingredient Raw 
 (A) 
Decorticated  
(B) 
Decortated 
roasted  
 (C) 
Raw + 
enzymes   
(D) 
Sorghum 64.50 64.50 64.50 64.50 
Groundnut meal 6.99 6.79 6.79 6.79 
Wheat bran 1.05 1.05 1.05 1.05 
*1Layers concentrate 5 5 5.00 5 
Raw cowpea  15 - - 15 
Decorticated cowpea - 15 - - 
Decorticated roasted cowpea - - 15.00 - 
Enzymes - - -  0.25g/kg 
Oyster shell 7 7 7.05 7.00 
Salt 0.4 0.4 0.40 0.4 
Dicalcium phosphate 0.26 0.26 0.26 0.26 
Calculated analysis (%)     
Me (Mj/kg) 11.90 12.25 12.87 11.90 
Crude protein 17.67 17.79 17.80 17.67 
Crude fat 6.50 5.80 5.75 6.50 
Crude fiber 3.34 3.51` 3.50 3.34 
Calcium 3.35 3.32 3.35 3.35 
Av. Phosphorus 0.49 0.49 0.48 0.49 
Methionine 0.36 0.31 0.35 0.36 
Lysine 0.69 0.74 0.67 0.69 
Determined analysis % (DM – Basis)  
Dry matter 94.15 94.32 95.30 94.15 
Crude protein 17.37 18.78 18.65 17.37 
Ether extract 6.32 7.18 7.25 6.63 
Crude fiber 7.50 8.12 8.00 7.60 
NFE 55.36 52.38 54.9 54.95 
Ash 7.60 7.88 6.50 7.60 
*2ME (Mj/kg) 11.24 12.19 11.90 11.24 
*1CP 40%, ME 2000 kcal/kg, C. fiber 3%, EE 3% Ash 34%, Ca, 10% Av.P 1.38% 
Lysine 12%, Methionine 3%, Methionine + cystine 3.5%, Vitamin A 250000 IU/kg, 
Vitamin D3 50000 IU/kg, Vitamin E 500 Mg/kg, Vitamin K3 6 Mg/kg, Vitamin 
B1/thiamin 20 Mg/kg, Vitamin B2/riboflavin 100 Mg/kg, Lysine 12%, Methionine 
3%, Copper 120 Mg/kg, Zinc 1000 Mg/kg, Iodine 6 Mg/kg, Vitamin C 4000 Mg/kg, 
Folic acid 30 Mg/kg, Iron 800 Mg/kg, Manganese 1400 Mg/kg, Cobalt 12 Mg/kg, 
Niacin vitamin pp. 600 Mgkg, Pantothenic acid/vitamin B3 160 Mg/kg, Vitamin 
B6/pyridoxine 40 Mg/kg, Vitamin B12 300 Mcg/kg, Biotin/vitamin H 2000 Mcg/kg, 
Coline 10000 Mg/kg, Copper 120 Mg/kg, Zinc 1000 Mg/kg, Iodine 6 Mg/kg, 
 Selenium 3 Mg 
*2Metabolizable energy is calculated according to the equation of Iodhi et al. (1976) 
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6.3 Results: 
6.3.1 Layers performance: 
 In 32nd week of age layer performance was significantly (P<0.05) 
affected by cowpea seeds treatment and enzyme addition. This is 
presented in table (6.2). During this week, significant (P<0.05) 
differences in average feed intake were observed. Birds fed the 
decorticated roasted seeds and those fed enzyme treated seeds             
significantly (P<0.05) consumed higher feed compared to the other 
treatments. The results of hen-day egg production showed that birds fed 
enzyme treated seeds had significantly (P<0.05) higher egg production 
compared to other treatments, in which those birds fed decorticated and 
decorticated roasted seeds were similar   (P>0.05). The lowest hen-day 
egg production was recorded for birds which consumed raw cowpea 
seeds. FCRs (kg feed/kg egg) and (kg feed/dozen egg) observed to be 
higher for birds fed enzyme treated cowpea seeds followed by those fed 
raw and decorticated seeds which were not significantly (P<0.05) 
different. The lowest feed conversion ratio recorded for birds those 
received decorticated roasted seeds. Body weight of bird fed raw cowpea 
seeds was significantly (P<0.05) depressed followed by Bw of those fed 
decorticated and decorticated roasted seeds, respectively. Only positive 
body weight change was observed for birds fed enzyme treated cowpea 
seeds. Egg weight was not significantly (P>0.05) influenced by dietary 
treatments. 
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Table (6.2): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) and enzyme supplementation on layers 
performance (32nd – week of age)  
 
Cowpea seeds subject to different treatment 
Parameters Raw 
seeds 
Decort. 
Seeds 
Decort. 
Roasted 
seed 
Raw seeds 
+ 0.25 
enzyme 
+SEM 
Feed intake (g/bird/day) 74.36b 78.24ab 80.19a 84.42a 5.20 
Hen-day egg production (%) 62.48c 75.18b 81.33b 80.51a 6.07 
FCR (g feed/g egg weight) 3.17b 4.32ab 2.12c 4.60a 0.48 
FCR (kgfeed/kg dozen egg) 4.08ab 3.14b 2.46c 4.48a 0.34 
Egg weight (g) 70.52 69.23 69.78 68.35 1.92 
Change in body weight (g) -27.15d -16.91c -10.23b +6.21a 3.08 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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Effect of dietary treatments on layer performance in 34th week of 
age is shown in table (6.3). Feed intake, egg weight and day egg 
production of birds fed decorticated roasted and enzyme treated seeds 
were found to be significantly (P<0.05) higher compared to other dietary 
treatments which were similar (P>0.05). Lowest values of FCRs (kg 
feed/kg egg) and (kg feed/dozen egg) were significantly (P<0.05) 
recorded for birds those fed decorticated roasted cowpea seeds. Only 
positive body weight was significantly (P<0.05) recorded for birds fed 
enzyme treated cowpea seeds. Higher loss in body weight observed for 
those birds fed raw cowpea seeds followed by decorticated and 
decorticated roasted cowpea seeds respectively. 
 In week 36th, egg weight was not significantly (P>0.05) affected by 
dietary treatments. All other parameters were significantly (P<0.05) 
affected, values are presented in table (6.4). Higher feed intake and hen-
day egg production were significantly (P<0.05) observed for birds fed 
enzyme treated seed and those fed decorticated roasted cowpea seeds, 
compared to other dietary treatments. FCR (kg feed/kg egg) was 
significantly (P< 0.05) affected by dietary treatments.    
 The highest values observed for birds fed the raw cowpea seeds 
and decorticated seeds which were not significantly different      
(P>0.05). The lowest FCRs were recorded for birds those fed 
decorticated roasted and enzyme treated cowpea seeds which             
were similar (P>0.05). Body weight change was higher (P<0.05) for 
birds fed raw seeds and decorticated ones compared to those fed  
 
 172
 
 
 
 
Table (6.3): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) and enzyme supplementation on layers 
performance (34th – week of age)  
 
Cowpea seeds subject to different treatment 
Parameters Raw 
seeds 
Decort. 
Seeds 
Decort. 
Roasted 
seed 
Raw seeds 
+ 0.25 
enzyme 
+SEM 
Feed intake (g/bird/day) 72.45b 72.81b 81.30a 85.17a 7.10 
Hen-day egg production (%) 45.07b 49.65b 79.84a 80.15a 4.72 
FCR (g feed/g egg weight) 3.58a 3.34b 2.15d 2.27c 0.27 
FCR (kgfeed/kg dozen egg) 4.27a 2.18b 2.06c 2.10b 0.45 
Egg weight (g) 69.31b 67.11b 68.52ab 68.06a 3.18 
Change in body weight (g) -45.06d -30.18c -15.49b +7.14a 4.33 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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Table (6.4): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) and enzyme supplementation on layers 
performance (36th – week of age)  
 
Cowpea seeds subject to different treatment 
Parameters Raw 
seeds 
Decort. 
Seeds 
Decort. 
Roasted 
seed 
Raw seeds 
+ 0.25 
enzyme 
+SEM 
Feed intake (g/bird/day) 71.37b 71.18b 80.26a 84.32a 5.14 
Hen-day egg production (%) 40.28c 42.40c 78.08b 80.12a 6.10 
FCR (g feed/g egg weight) 3.31a 3.24a 2.22b 2.17b 0.46 
FCR (kgfeed/kg dozen egg) 4.12a 3.38b 1.24c 1.10c 0.28 
Egg weight (g) 69.38 69.08 67.57 68.67 4.67 
Change in body weight (g) -58.36c -40.21b -18.95a -12.29a 4.17 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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decorticated roasted and enzyme treated seeds. Body weight change 
observed to be negative for all treatments. 
   The effect of feeding treated and enzymes treated seeds of 
cowpea on the layer performance during 38th week of age is presented in 
table (6.5). During this week only egg weight was not significantly 
(P<0.05) influenced by dietary treatments. Feed intake of birds fed 
enzyme treated and decorticated roasted seeds  consumed more feed than 
those fed raw seeds and decorticated cowpea seeds. They were not 
significantly (P>0.05) different. Hen-day egg production was observed to 
be higher for birds those fed decorticated roasted and enzyme treated 
cowpea seeds compared to other treatments. 
 Feed conversion ratio (kg feed/kg egg) and (kg feed/dozen egg) 
were observed to be significantly (P<0.05) higher for birds those fed raw 
and decorticated seeds followed by that for decorticated roasted and 
enzyme treated cowpea seeds. Body weight loss was significantly        
(P<0.05) higher for birds fed raw cowpea seeds followed by those fed 
decorticated roasted cowpea seeds. The only positive bodyweight change 
was recorded for birds fed enzyme treated cowpea seeds. 
  In 40th week of age, feed intake, FCR and egg weight were not 
significantly affected by dietary treatment but numerically they were 
decreased compared with previous week. These observations are 
presented in table (6.6). Hen-day egg production observed to be 
significantly (P<0.05) higher for birds those fed enzyme treated and 
decorticated roasted cowpea seeds compared to other dietary treatments. 
The  lowest  production  obtained  by  those  fed  raw  and decorticated  
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Table (6.5): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) and enzyme supplementation on layers 
performance (38th – week of age)  
 
Cowpea seeds subject to different treatment 
Parameters Raw 
seeds 
Decort. 
Seeds 
Decort. 
Roasted 
seed 
Raw seeds 
+ 0.25 
enzyme 
+SEM 
Feed intake (g/bird/day) 69.44b 72.25b 78.17a 77.32a 5.22 
Hen-day egg production (%) 30.12c 41.40b 56.47a 58.35a 6.33 
FCR (g feed/g egg weight) 3.21a 2.37b 2.10c 2.04c 0.28 
FCR (kgfeed/kg dozen egg) 3.27a 2.58b 1.45c 1.47c 0.48 
Egg weight (g) 68.18 67.25 69.32 67.87 4.32 
Change in body weight (g) -68.34d -54.40c -26.32b -18.44a 5.40 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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Table (6.6): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) and enzyme supplementation on layers 
performance (40th – week of age)  
 
Cowpea seeds subject to different treatment 
Parameters Raw 
seeds 
Decort. 
Seeds 
Decort. 
Roasted 
seed 
Raw seeds 
+ 0.25 
enzyme 
+SEM 
Feed intake (g/bird/day) 70.48a 72.63a 79.19a 80.75a 10.91 
Hen-day egg production (%) 38.19b 40.08b 77.38a 78.06a 6.70 
FCR (g feed/g egg weight) 3.47a 3.26a 2.14b 2.10b 0.42 
FCR (kgfeed/kg dozen egg) 3.52a 3.21a 1.32+b 1.40b 0.27 
Egg weight (g) 70.41 69.218 69.50 67.18 4.80 
Change in body weight (g) -81.17d -60.31c -30.18b +19.32a 6.21 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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cowpea seeds. Feed conversion ratios (kg feed/kg egg) and (kg 
feed/dozen eggs) were significantly (P<0.05) higher for birds fed raw and 
decorticated cowpea seeds.  
 Reduction in body weight was significantly (P<0.05) observed for 
birds those fed raw seeds followed by decorticated cowpea seeds, 
decorticated roasted, respectively, they were significantly (P<0.05) 
different from each other. Slight improvement in Bw was significantly 
(P<0.05) observed for birds fed enzyme treated cowpea seeds. 
 In 42nd wee of age, layer performance was significantly affected by 
dietary treatments. Results are shown in table (6.7). Through this week, 
egg weight was the only parameter that was not significantly influenced 
by dietary treatments. Birds fed on enzyme treated seeds and decorticated 
roasted seeds consumed significantly (P<0.05) higher feed than those fed 
raw and decorticated seeds, which were similar (P>0.5). Hen-day egg 
production observed to be higher for birds fed enzyme treated seeds 
followed by decorticated roasted seeds which were significantly (P<0.05) 
different. The lowest value recorded for birds those fed raw and 
decorticated seeds which were similar (P>0.05). FCRs (kg feed/kg egg) 
and (kg feed/dozen egg) were higher in birds fed raw and decorticated 
seeds which were not significantly (P>0.05) different. Loss in body 
weight observed to be significantly (P<0.05) higher for birds received 
raw, decorticated and decorticated roasted seeds, respectively, these 
treatments were significantly (P<0.05) different. Body weight change 
was significantly (P<0.05) increased in birds fed enzyme treated seeds. 
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Table (6.7): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) and enzyme supplementation on layers 
performance (42nd – week of age)  
 
Cowpea seeds subject to different treatment 
Parameters Raw 
seeds 
Decort. 
Seeds 
Decort. 
Roasted 
seed 
Raw seeds 
+ 0.25 
enzyme 
+SEM 
Feed intake (g/bird/day) 60.81b 62.34b 70.17a 72.46a 6.70 
Hen-day egg production (%) 30.47c 35.50c 6.41b 79.05a 7.08 
FCR (g feed/g egg weight) 2.56a 2.45a 2.09b 79.05a 7.08 
FCR (kgfeed/kg dozen egg) 3.20a 3.11a 1.42b 1.38b 0.28 
Egg weight (g) 67.81 68.72 67.16 69.27 6.12 
Change in body weight (g) -95.15d -72.11c -53.72b +20.34a 8.21 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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 Results of effect of dietary treatments on the  over all performance 
of laying hen through (31st – 42nd week of age) are given in Table (6.8). 
There was no significant (P>0.01) effect of dietary treatments on FCR 
(kg feed/dozen egg) . However, the other parameters were significantly 
(P<0.05) influenced by dietary treatments. Birds fed enzyme treated 
cowpea seeds significantly (P<0.05) consumed higher feed than those 
birds fed the others treatments. The birds given raw seeds consumed 
significantly (P<0.05) the lowest feed. Feed intake as affected by treated 
cowpea seeds was shown in Fig. 6.1. FCR (kg feed/kg egg) were 
significantly (P<0.05) affected by dietary treatments. It was found to be 
higher in birds fed raw cowpea seeds, while others treatments were 
similar (P>0.01). FCR (kg feed\ kg egg) as influenced by treatment and 
enzyme addition to cowpea seeds was presented in Fig. 6.2.  Birds that 
fed enzyme treated cowpea seeds significantly (P<0.05) showed better 
hen-day egg production and egg weight followed by those fed 
decorticated roasted seeds. The lowest hen-day egg production and egg 
weight were recorded for birds fed raw and decorticated cowpea seeds 
which were non significantly (P>0.05) different. Hen day egg production 
(%) and egg weight as affected by dietary treatments was illustrated in 
Fig. 6.3 and Fig. 6.4, respectively.  Loss in body weight was significantly         
(P<0.05) observed for birds that consumed raw cowpea seeds. Only 
positive change in body weight was significantly (P<0.05) recorded for 
birds fed enzyme treated cowpea seeds. Mortality was not significantly 
(P<0.05) influenced by dietary treatments.Perforamnce in weeks (31th, 
33th, 35th, 37th, 39th, 41th) were presented in appendices 7, 8, 9, 10, 11,  
and 12. 
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Table (6.8): Effect of dietary treated cowpea (Vigna unguiculata) seeds on 
layers performance during experimental period (31st – 42nd  
week of age) 
Cowpea seeds with  different treatment 
Parameters Raw      
(A) 
Decorticated   
(B) 
Decorticated. 
Roasted          
(C) 
Enzyme    
(D) 
+SEM 
Feed intake (g/bird/day) 68.09c 73.85b 86.16b 95.55a 6.52 
Egg production (hen-day %) 51.63c 69.10c 76.01b 82.84a 5.60 
Egg wt (g/egg) 58.26c 50.11bc 68.61b 71.67a 2.02 
FCR (kg feed/kg egg) 3.28a 2.26b 2.25b 2.20b 0.49 
FCR (kg feed//dozen egg) 3.11 2.98 2.91 2.98 0.35 
Mortality 0 2 2 1 0.05 
Change in body weight (g) -49.94c -16.66b -15.06b 20.33a 1.63 
Values are means of 216 samples per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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Fig. (6.1): Feed intake as affected by cowpea seeds treatment and enzyme 
addition during experimental period. 
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Fig. (6.2): Egg production as affected by cowpea seeds treatment and enzyme 
addition during experimental period. 
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Fig. (6.3): Egg weight as affected by cowpea seeds treatment and enzyme 
addition during experimental period. 
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Fig. (6.4): FCR as affected by cowpea seeds treatment and enzyme addition 
during experimental period. 
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6.3.2 External quality characteristics of eggs: 
  In this period (31st – 32nd week of age), as shown in table (6.9 ) 
external characteristics of egg were significantly (P<0.05) influenced by 
dietary treatments except the egg weight, shell thickness and egg shape 
index. Maximum length, maximum width and shell weight observed to 
be significantly (P<0.05) lower for birds fed raw cowpea seeds than those 
fed other dietary treatments. Highest values were observed for birds fed  
decorticated roasted seeds. Egg shell % was found to be higher in birds 
fed enzyme treated raw and decorticated seeds followed by decorticated 
roasted seeds. 
 Most of external quality characteristics of egg during (33rd – 34th 
week of age) are shown in table (6.10) were significantly (P<0.05) 
affected by dietary treatments. Shell thickness, egg shape index and egg 
weight were not significantly (P>0.05) influenced by dietary treatments. 
Birds fed o n raw seeds observed to have significantly (P<0.05) lower 
maximum length and width than other treatments. Higher values were 
recorded for birds fed enzyme treated seeds, followed by decorticated 
roasted treatments. Shell weight observed to be significantly (P<0.05) 
higher for birds those fed enzyme treated seeds and decorticated roasted 
seeds which were similar (P>0.05). 
 During this period 35th – 36th week of age, as presented in table 
(6.11) only egg shell thickness and egg shape index were not 
significantly affected by dietary treatments. Egg sample weight was 
recorded to be higher for birds fed on enzyme treated and decorticated 
roasted seeds compared to the others, which were not significantly 
(P>0.05) different. Maximum length, maximum width and shell % were  
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Table (6.9): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) and enzyme supplementation on 
external egg    characteristics of layers (31th – 32th week of age)  
 
Cowpea seeds to different treatments 
Parameters Raw 
seeds 
Decort. 
Seed 
Decort. 
Roasted 
seed 
Raw seeds 
+ enzyme 
+SEM 
Egg weight (g) 64.87a 65.39a 69.08a 69.12a 0.75 
Maximum length (cm) 5.29c 5.41b 5.60a 5.33bc 0.06 
Maximum width (cm) 4.10c 4.25ab 4.29a 4.20abc 0.04 
Shell weight (g) 5.04c 5.12b 5.56a 5.68a 0.08 
Shell thickness (g) 0.320 0.318 0.316 0.321 0.005 
Egg shape index 0.793 0.802 0.799 0.789 0.007 
% Shell 12.25ab 12.54a 11.83bc 12.79a 0.21 
Values are means of 6 replicates per treatment  (2 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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Table (6.10): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea(Vigna unguiculata) and enzyme supplementation on 
external egg  characteristics of layers (33th – 34th week of age)  
 
Cowpea seeds to different treatments            
Parameters Raw 
seeds 
Decort. 
Seed 
Decort. 
Roasted 
seed 
Raw seeds 
+ enzyme 
+SEM 
Egg weight (g) 69.26a 69.72a 68.19a 69.69a 0.080 
Maximum length (cm) 5.20bc 5.37b 5.35b 5.58a 0.05 
Maximum width (cm) 4.14c 4.20bc 4.35ab 4.48a 0.04 
Shell weight (g) 5.06d 5.18c 5.48ab 5.63a 0.09 
Shell thickness (g) 0.318 0.327 0.330 0.325 0.004 
Egg shape index 0.802 0.797 0.804 0.798 0.009 
% Shell 11.50bc 11.73b 12.63a 12.53a 0.18 
Values are means of 6 replicates per treatment  (2 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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Table (6.11): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) and enzyme supplementation on 
external egg    characteristics of layers (35st – 36nd week of age)  
 
Cowpea seeds to different treatments 
Parameters Raw 
seeds 
Decort. 
Seed 
Decort. 
Roasted 
seed 
Raw seeds 
+ enzyme 
+SEM 
Egg weight (g) 65.40b 65.74b 68.25a 70.72a 0.7 
Maximum length (cm) 5.18c 5.40b 5.48ab 5.61a 0.05 
Maximum width (cm) 4.16c 4..22bc 4.38b 4.51a 0.07 
Shell weight (g) 5.10c 5.16c 5.51b 5.62a 0.08 
Shell thickness (g) 0.322 0.330 0.327 0.325 0.004 
Egg shape index 0.795 0.801 0.787 0.810 0.008 
% Shell 11.48c 11.80b 12.59a 12.63a 0.20 
Values are means of 6 replicates per treatment  (2 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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observed to be significantly (P<0.05) higher in birds fed on enzyme 
treated seeds followed by decorticated roasted seeds, the lowest value 
recorded for birds those fed raw seeds of cowpea. On the other hand shell 
weight was significantly influence (P<0.05) by dietary treatments, Birds 
fed enzyme treated seeds had slightly higher shell weight followed by 
those fed decorticated roasted cowpea seeds which were significantly 
(P<0.05) different. Shell weight was recorded to be lower for birds fed 
raw cowpea seeds but not significantly (P>0.05) different from that for 
birds fed decorticated seeds. Birds fed on enzyme treated seeds and 
decorticated roasted seeds recorded significantly (P<0.01) higher shell % 
than those fed raw seeds, they were significantly (P<0.05) different. 
 In 37th – 38th week of age, as shown in table (6.12) only egg 
thickness and egg shape index were not significantly (P>0.05) affected 
by dietary treatments. Egg weight sample was significantly (P<0.01) 
influenced by dietary treatments. It was significantly (P<0.05) lower for 
birds fed raw and decorticated seeds which were similar (P>0.01). 
Maximum length was observed to be higher for birds those fed enzyme 
treated seeds which was not significantly (P>0.01) different from those 
fed decorticated roasted seeds. The lowest value observed for birds fed 
raw cowpea seeds. Maximum width was significantly (P<0.01) affected 
by dietary treatment. It was significantly (P<0.05) lower for birds those 
fed raw seeds. Higher value observed for birds fed enzyme treated seeds 
while those fed decorticated and decorticated roasted seeds were similar 
(P>0.01). Dietary treatments were significantly (P<0.05) influenced the 
shell  weight.  Higher  values  recorded  for birds fed enzyme treated and 
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Table (6.12): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) and enzyme supplementation on 
external egg    characteristics of layers (37-38th week of age)  
 
Cowpea seeds to different treatments 
Parameters Raw 
seeds 
Decort. 
Seed 
Decort. 
Roasted 
seed 
Raw seeds 
+ enzyme 
+SEM 
Egg weight (g) 64.60c 64.82c 68.31b 70.78a 0.92 
Maximum length (cm) 4.97d 5.09c 5.28ab 5.39a 0.05 
Maximum width (cm) 4.08c 4.28b 4.39b 4.52a 0.09 
Shell weight (g) 4.12c 5.20b 5.41a 5.53a 0.08 
Shell thickness (g) 0.325 0.328 0.331 0.329 0.006 
Egg shape index 0.789 0.804 0.802 0.798 0.009 
% Shell 11.31c 11.45c 12.62a 12.52b 0.25 
Values are means of 6 replicates per treatment  (2 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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 decorticated roasted seeds which were not significantly (P>0.05) 
different from each others. Higher value recorded for birds those fed 
decorticated roasted cowpea seeds. Birds that fed raw and decorticated 
seeds showed lower shell %, however it was not significantly (P>0.05) 
different from each others. Higher value recorded for birds those fed 
decorticated roasted cowpea seeds. 
 In 39th – 40th week of age, as presented in table (6.13) maximum 
length and egg shape index were not significantly (P<0.05) influenced by 
dietary treatments. Egg sample weight, maximum width, shell weight, 
shell thickness and shell % were significantly (P<0.05) influenced by 
dietary treatments. The values of these parameters were found to be 
significantly (P<0.05) higher for birds fed enzyme treated seeds than the 
others in which that for birds fed raw and decorticated seeds considered 
to be the lowest. 
 In 41st – 42nd week of age, as shown in table (6.14) maximum 
length, maximum width, egg shape index and shell % were not 
significantly affected by dietary treatments. Egg sample weight was 
significantly (P<0.01) affected by dietary treatments. Higher values 
observed for birds those fed enzyme treated and decorticated roasted 
seeds which were similar (P>0.05). Shell weight and shell thickness were 
significantly affected by dietary treatments. They were found to be higher 
for birds fed on enzyme treated seeds compared to the others birds fed on 
raw seeds and decorticated cowpea seeds observed to have the lowest 
values, they were not significantly (P>0.05) different.  
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Table (6.13): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) and enzyme supplementation on 
external egg   characteristics of layers (39-40th week of age)  
 
Cowpea seeds to different treatments            
Parameters Raw 
seeds 
Decort. 
Seed 
Decort. 
Roasted 
seed 
Raw seeds 
+ enzyme 
+SEM 
Egg weight (g) 63.58c 64.07c 67.25b 70.75a 0.80 
Maximum length (cm) 5.19 5.22 5.17 5.20 0.07 
Maximum width (cm) 4.12c 4.27c 4.42ab 4.55a 0.06 
Shell weight (g) 5.15cd 5.31c 5.52ab 5.64a 0.08 
Shell thickness (g) 0.257c 0.243c 0.332b 0.354a 0.006 
Egg shape index 0.812 0.795 0.802 0.797 0.006 
% Shell 11.24d 11.49c 12.72a 12.54ab 0.37 
Values are means of 6 replicates per treatment  (2 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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Table (6.14): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) and enzyme supplementation on 
external egg    characteristics of layers (41-42nd week of age)  
 
Cowpea seeds to different treatments 
Parameters Raw 
seeds 
Decort. 
Seed 
Decort. 
Roasted 
seed 
Raw seeds 
+ enzyme 
+SEM 
Egg weight (g) 62.08c 64.23b 66.33a 67.54+a 1.20 
Maximum length (cm) 5.11 5.14 5.20 5.21 0.08 
Maximum width (cm) 4.21 4.19 4.22 4.20 0.06 
Shell weight (g) 5.15c 5.24bc 5.37b 5.49ab 1.03 
Shell thickness (g) 0.354c 0.245c 0.340b 0.358a 0.007 
Egg shape index 0.783 0.802 0.792 0.811 0.009 
% Shell 11.35 11.34 11.29 11.35 0.38 
Values are means of 6 replicates per treatment  (2 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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 The effect of dietary treatments on overall external quality 
characteristics of eggs from (31st – 42nd week of age)  of laying hens is 
presented in Table (6.15). Shell thickness and egg shape index were not 
significantly (P>0.05) affected by dietary treatments, weight of egg  was 
significantly (P<0.05) influenced by dietary treatments. It was  found to 
be significantly (P<0.05) higher for birds fed enzyme treated and 
decorticated roasted cowpea seeds. The lowest value  recorded for birds 
those fed raw cowpea seeds. Maximum length and maximum width were 
significantly (P<0.05) affected by dietary treatments. They were 
significantly (P<0.05) higher for birds fed enzyme treated cowpea seeds 
compared to the others in which that fed raw seeds consider to be the 
lowest. 
 Dietary treatments have significantly (P<0.05) affected shell 
weight and shell %. The lowest value was significantly (P<0.05) 
recorded for birds fed raw cowpea seeds compared to the others, which 
have shown non significant (P<0.05) differences among them.   
6.3.3 Internal quality characteristics of eggs: 
 Internal quality characteristics of eggs (31st – 32nd week of age),  as 
shown in table (6.16) only albumin % and yolk index were significantly 
(P<0.05) affected by dietary birds those fed enzyme treated and 
decorticated roasted cowpea seeds, which were not significantly (P>0.05) 
different. The lowest value was significantly (P<0.05) recorded for birds 
fed raw seeds. Birds fed decorticated and decorticated roasted cowpea 
seeds were observed to be similar (P>0.05). Birds those fed decorticated 
roasted cowpea seeds observed to have significantly (P<0.05) higher yolk  
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Table (6.15): External quality characteristics of egg from layers fed  
dietary treated  cowpea (Vigna unguiculata) seeds during 
experimental period (31st – 42nd  week of age) 
 cowpea seeds subjected to different 
treatment 
Parameters 
Raw   
(A) 
Decort. 
(B) 
Decort. 
Roasted   
(C ) 
Enzyme    
(D) 
+SEM 
Egg weight (g) 63.20c 66.41b 68.63ab 70.32a 2.02 
Maximum length (cm) 5.06c 5.20bc 5.54b 5.86a 0.06 
Maximum width (cm) 4.19c 4.27bc 4.30ab 4.45a 0.08 
Shell weight (g) 5.11b 5.64a 5.61a 5.65a 0.06 
Shell thickness (g) 0.310 0.315 0.316 0.334 0.005 
Egg shape index 0.795 0.788 0.794 0.804 0.007 
% Shell 11.25b 12.38a 12.40a 12.47a 0.22 
Values are means of 72 samples per treatment (2 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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Table (6.16): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) and enzyme supplementation on 
internal egg     characteristics of layers ( 31-32nd week of age)  
 
Cowpea seeds subjected to different 
treatment 
Parameters 
Raw 
seeds 
Decort. 
Seed 
Decort. 
Roasted 
seed 
Raw seeds 
+ enzyme 
+SEM 
Albumin height (mm) 7.84 7.97 8.00 7.95 0.09 
Albumin diameter (cm) 7.12 7.15 7.19 7.17 0.06 
Albumin weight (g) 28.07 28.25 27.92 238.10 0.71 
Albumin index 0.117 0.115 0.113 0.116 0.00 
Albumin % 60.32x 62.40cb 65.38ab 66.49a 0.69 
Yolk height (cm) 9.40 9.56 9.42 9.53 0.20 
Yolk diameter (cm) 3.28 3.34 3.36 3.28 0.04 
Yolk weight (g) 11.82 11.67 11.70 11.68 0.32 
Yolk index 0.319b 0.323ab 0.343a 0.320b 0.006 
Yolk % 24.68 24.70 25.09 25.56 0.72 
Yolk Colour score 2.44 2.60 2.51 2.57 0.09 
Haught unit 98.44 99.12 98.62 99.14 0.44 
 
Values are means of 6 replicates per treatment  (2 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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index compared to others treatments which were not significantly 
(P>0.05) different. 
 There was no significantly (P>0.05) effect for all internal quality 
characteristics during (33rd – 34th) week of age, as presented in table 
(6.17) except for albumin weight, albumin % and yolk index, which were 
significantly (P<0.05) affected. Higher albumin weight was significantly 
(P<0.05) recorded for birds fed enzyme treated cowpea seeds than other 
which were similar  (P>0.05). 
 Birds given enzyme treated cowpea seeds observed to have 
significantly (P<0.05) higher albumin %, its similar to that for birds fed 
decorticated roasted seeds. The lowest value was recorded for birds fed 
raw cowpea seeds, while that for birds fed decorticated and decorticated 
roasted were not significantly (P>0.05) different. Higher yolk index was 
recorder for birds fed enzyme treated seeds which was similar (P>0.05) 
to those fed decorticated seeds. The lowest value was significantly      
(P<0.05) recorded for birds fed raw seeds compared to others. 
 During 35th – 36th week of age, as shown in table (6.18) there was 
no significant dietary effect on all internal quality characteristics except 
for albumin weight and albumin % which were significantly (P<0.05) 
affected. Higher values of these parameters were significantly (P<0.05) 
recorded for birds fed enzyme treated cowpea seeds and those fed 
decorticated roasted seeds compared to others dietary treatments which 
were similar (P>0.05). 
 There was no significantly (P>0.05) dietary effect for all internal 
quality characteristics during 37th – 38th week of age, as shown in table 
(6.19) except for albumin weight, albumin %, yolk weight and yolk %,  
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Table (6.17): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) and enzyme supplementation on 
internal egg   characteristics of layers ( 33-34th week of age)  
 
Cowpea seeds subjected to different 
treatment 
Parameters 
Raw 
seeds 
Decort. 
Seed 
Decort. 
Roasted 
seed 
Raw seeds 
+ enzyme 
+SEM 
Albumin height (mm) 8.15 8.20 8.12 8.14 1.02 
Albumin diameter (cm) 7.18 7.20 7.15 7.21 0.06 
Albumin weight (g) 26.92b 27.74b 28.62b 31.08a 0.66 
Albumin index 0.114 0.113 0.116 0.115 0.004 
Albumin % 59.72c 62.48b 64.10ab 65.21a 0.75 
Yolk height (cm) 10.43 10.51 10.41 10.38 0.19 
Yolk diameter (cm) 3.28 3.17 3.25 3.30 0.05 
Yolk weight (g) 11.60 11.54 11.71 11.62 0.25 
Yolk index 0.305c 0.317bc 0.331ab 0.342a 0.006 
Yolk % 24.84 25.43 4.92 25.33 0.65 
Yolk Colour score 2.40 2.29 2.32 2.35 0.08 
Haught unit 99.31 99.20 98.45 99.75 0.49 
Values are means of 6 replicates per treatment  (2 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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Table (6.18): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) and enzyme supplementation on 
internal egg     characteristics of layers ( 35-36th week of age)  
 
Cowpea seeds subjected to different 
treatment 
Parameters 
Raw 
seeds 
Decort. 
Seed 
Decort. 
Roasted 
seed 
Raw seeds 
+ enzyme 
+SEM 
Albumin height (mm) 8.10 8.12 8.09 8.16 2.5 
Albumin diameter (cm) 7.22 7.18 7.15 7.16 0.60 
Albumin weight (g) 27.14b 28.46b 30.16ab 32.27a 0.67 
Albumin index 0.114 0.113 0.114 0.116 0.008 
Albumin % 60.52b 62.40b 65.38a 66.07a 0.84 
Yolk height (cm) 10.16 10.10 10.16 10.14 0.22 
Yolk diameter (cm) 3.30 3.28 3.27 3.31 0.07 
Yolk weight (g) 11.71 11.67 11.66 11.73 0.35 
Yolk index 0.312 0.322 0.314 0.318 0.009 
Yolk % 25.10 24.98 25.14 25.24 0.55 
Yolk Colour score 2.29 2.25 2.18 2.24 0.08 
Haught unit 98.75 99.62 99.40 99.54 1.07 
Values are means of 6 replicates per treatment  (2 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P<0.05) 
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Table (6.19): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) and enzyme supplementation on 
internal egg     characteristics of layers ( 37-38th week of age)  
 
Cowpea seeds subjected to different 
treatment 
Parameters 
Raw 
seeds 
Decort. 
Seed 
Decort. 
Roasted 
seed 
Raw seeds 
+ enzyme 
+SEM 
Albumin height (mm) 8.14 8.10 8.12 8.16 1.73 
Albumin diameter (cm) 7.10 6.98 7.04 7.08 0.78 
Albumin weight (g) 25.32bc 27.28c 32.11a 33.20a 1.67 
Albumin index 0.113 0.112 0.114 0.115 0.007 
Albumin % 59.78c 62.35b 64.57a 65.48a 2.40 
Yolk height (cm) 10.24 10.19 10.26 10.26 0.39 
Yolk diameter (cm) 3.44 3.57 3.42 3.52 0.08 
Yolk weight (g) 9.54c 9.48c 11.60b 12.74a 1.14 
Yolk index 0.331 0.330 0.329 0.332 0.006 
Yolk % 22.15b 31.95b 25.77a 25.82a 0.58 
Yolk Colour score 2.24 2.30 2.26 2.28 0.09 
Haught unit 99.80 98.78 99.62 99.74 1.10 
Values are means of 6 replicates per treatment  (2 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P<0.05) 
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which were significantly (P<0.05) affected. Higher values of these 
parameters observed for birds those fed enzyme treated cowpea seeds 
followed by those fed decorticated roasted seeds. The lowest values were 
significantly (P<0.05) recorded for birds fed raw cowpea seeds. 
 During 39th – 40th week of age, as presented in table (6.20) only 
albumin weight, albumin %,  yolk weight and yolk % were significantly 
(P<0.05) affected by dietary treatments. Yolk index, Yolk % and albumin 
weight were found to be significantly (P<0.05) higher for birds those fed 
enzyme treated and decorticated roasted cowpea seeds compared to other 
dietary treatments which were not significantly (P>0.05) different. 
Albumin % for birds fed raw cowpea seeds observed to have the lowest 
value compared to others which were similar (P>0.05). Birds fed enzyme 
treated seeds significantly (P<0.05) recorded higher yolk weight 
followed by those fed decorticated roasted seeds compared to others 
which were similar (P>0.05). 
 During this period 41st – 42nd week of age, as shown in table (6.21) 
albumin weight, albumin %, yolk weight and yolk % were significantly 
(P<0.05) influenced by dietary treatments. Birds fed enzyme treated 
cowpea seeds and those fed decorticated roasted seeds observed to have 
significantly (P<0.05) higher albumin weight, albumin % and yolk 
weight than that for other dietary treatments which were similar 
(P>0.05). The lowest yolk % recorded for birds those fed raw cowpea 
seeds which was not significantly (P>0.05) different from those fed 
decorticated seeds. Higher values observed for birds fed enzyme treated 
cowpea seeds followed by those fed decorticated roasted seeds which 
was similar to that fed decorticated seeds.  
 202
 
 
Table (6.20): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) and enzyme supplementation on 
internal egg     characteristics of layers ( 39-40th week of age)  
 
Cowpea seeds subjected to different 
treatment 
Parameters 
Raw 
seeds 
Decort. 
Seed 
Decort. 
Roasted 
seed 
Raw seeds 
+ enzyme 
+SEM 
Albumin height (mm) 8.10 8.12 8.16 8.14 1.80 
Albumin diameter (cm) 7.08 7.10 7.12 7.10 0.82 
Albumin weight (g) 24.82b 26.46b 33.14a 35.12a 1.25 
Albumin index 0.114 0.113 0.115 0.114 0.006 
Albumin % 58.94c 63.40ab 65.42a 66.57a 2.40 
Yolk height (cm) 10.24 10.22 10.19 10.21 0.48 
Yolk diameter (cm) 3.40 3.44 3.39 3.45 0.08 
Yolk weight (g) 10.17c 10.22c 12.15b 12.48a 1.32 
Yolk index 0.278b 0.275b 0.334a 0.336a 0.008 
Yolk % 21.45b 22.53b 26.80a 26.73a 0.54 
Yolk Colour score 2.19 2.23 2.18 2.22 0.09 
Haught unit 98.75 99.438 99.89 99.69 2.21 
Values are means of 6 replicates per treatment  (2 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P<0.05) 
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Table (6.21): Effect of feeding raw, decorticated, decorticated roasted seeds of 
cowpea (Vigna unguiculata) and enzyme supplementation on 
internal egg     characteristics of layers ( 41-42nd week of age)  
 
Cowpea seeds subjected to different 
treatment 
Parameters 
Raw 
seeds 
Decort. 
Seed 
Decort. 
Roasted 
seed 
Raw seeds 
+ enzyme 
+SEM 
Albumin height (mm) 8.11 8.14 8.10 8.12 1.75 
Albumin diameter (cm) 7.10 7.13 7.15 7.19 0.92 
Albumin weight (g) 27.20b 29.18b 31.22ab 33.12a 1.41 
Albumin index 0.114 0.116 0.117 0.115 0.008 
Albumin % 60.07b 58.33b 64.18a 66.52a 2.42 
Yolk height (cm) 10.25 10.19 10.23 10.22 0.54 
Yolk diameter (cm) 3.26 3.24 3.22 3.129 0.08 
Yolk weight (g) 9.78b 10.08b 12.34a 12.55a 1.64 
Yolk index 0.331 0.329 0.335 0.332 0.008 
Yolk % 20.14c 22.08bc 26.45ab 27.21a 0.68 
Yolk Colour score 2.16 2.24 2.22 2.19 0.08 
Haught unit 99.40 98.22 98.432 99.52 2.31 
Values are means of 6 replicates per treatment  (2 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P<0.05) 
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        The effect of dietary treatments on overall internal characteristics of 
egg from (31st – 42nd week of age) layer chicken is presented in Table 
(6.22). No significant (P>0.05) dietary effect for all internal quality 
characteristics during these weeks except for albumin weight, albumin %, 
yolk index and yolk colour score which were significantly (P<0.05) 
affected. Albumin weight was found to be significantly   (P<0.05) higher 
for birds fed enzyme treated and decorticated roasted cowpea seeds, 
compared to others, which were similar (P>0.05). Albumin % for birds 
fed enzyme treated cowpea seeds was similar (P>0.05). Albumin % for 
birds fed enzyme treated cowpea seeds was similar  (P>0.05)  to that  for 
birds fed  decorticated and decorticated roasted seeds but significantly 
(P<0.05) higher than that for birds fed raw seeds which was similar to 
those fed decorticated seeds. Yolk index observed to be significantly 
(P<0.05) higher for birds fed enzyme treated seeds which was similar 
(P>0.05) to that for birds fed decorticated seeds compared to others 
which were similar (P>0.05).  
 The effect of dietary treatments on plasma constituents of    (31st – 
42nd) week of age layer chicken are shown in Table (6.23). All 
parameters were significantly (P<0.05) affected by dietary treatments 
except Na globulin and cholesterol. The lowest values of Hb % Ca, K, 
total protein, albumin, uric acid and glucose were significantly (P<0.05) 
recorded for birds those fed raw cowpea seeds while other dietary 
treatments were similar (P>0.05). Uric acid level was significantly 
(P>0.05) increased when birds fed raw cowpea seeds.  
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Table (6.22): Internal quality characteristics of egg from layers fed  
dietary treated cowpea (Vigna unguiculata) seeds during 
experimental period (31st – 42nd  week of age). 
 cowpea seeds subjected to different 
treatment 
Parameters 
Raw   
(A) 
Decort. 
(B) 
Decort. 
Roasted 
(C ) 
Enzyme 
(D) 
+SEM 
Albumin height (mm) 7.98 8.27 8.25 2.31 0.09 
Albumin diameter (cm) 7.11 7.20 7.18 7.21 0.08 
Albumin weight (g) 26.91b 28.62b 32.14a 33.25a 0.71 
Albumin index 0.113 0.115 0.115 0.116 0.003 
Albumin % 60.98b 62.80ab 64.36a 64.72a 0.72 
Yolk height (cm) 10.39 10.42 10.56 10.62 0.21 
Yolk diameter (cm) 3.27 3.35 3.30 3.41 0.04 
Yolk weight (g) 11.56 11.66 11.71 11.68 0.32 
Yolk index 0.311b 0.320ab 0.313b 0.325a 0.007 
Yolk % 24.80 25.34 25.41 25.38 0.72 
Yolk Colour score 2.05 2.01 2.00 2.01 0.08 
Haught unit 97.30 99.80 98.96 99.72 0.49 
Values are means of 72 sampls per treatment (2birds/ replicate). 
abc Means with different superscripts in the same row were significantly 
different (P<0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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Table (6.23): Effect of dietary treated cowpea (Vigna unguiculata) on plasma 
constituents during the experimental period        (31st – 42nd 
week of age) 
 Cowpea seeds subjected to different treatment 
Parameters 
Raw       (A) Decort.  (B) 
Decort. Roasted 
(C ) 
Enzyme 
(D) 
+SEM 
Hb 76.45b 78.53a 78.15a 79.62a 5.17 
Ca (mg/dl) 5.69b 7.78a 7.90a 7.94a 0.08 
Na (mEq/l) 169.54 178.46 176.91 179.30 3.17 
K mEq/l) 3.47b 4.58a 4.59a 4.62a 0.09 
Total protein (g/dl) 2.8b 5.14a 5.20a 5.18a 0.45 
Albumin (g/dl) 1.67c 2.20ab 2.25a 2.47a 0.12 
Globulin (g/dl) 2.25 2.31 2.29 2.90 0.15 
Cholesterol (mg/dl) 169.17 171.23 183.05 175.10 4.20 
Uric acid (mg/dl) 2.61a 1.59b 1.67b 1.68b 0.10 
Glucose (mg/dl) 159.44b 198.07a 199.16a 196.72a 7.31 
 
Values are means of 72 samples per treatment (2birds\replicate). 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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6.4 Discussion: 
 The effect of feeding raw, decorticated, decorticated roasted and 
enzyme treated cowpea seeds on overall performance of layers indicated 
that birds fed enzyme treated cowpea seeds were observed to have better 
feed intake, hen-day average, egg production and egg weight and body 
weight gain than those fed the other dietary treatments. These results 
agreed with Brafau       et al. (1994);  Francecho et al. (1995a)  who  
observed  that,  enzyme supplementation to layers diets increased the egg 
production and egg weight in early stages of lay, when small egg size in 
young laying hens is an important economic problem. This coincided 
with Francesch et al. (1995b) findings, in which he reported that enzyme 
addition to layers diet improve significantly feed efficiency and 
productive parameters. These results are in agreement with Igbasan and 
Guenter (1997b) who reported that enzyme addition to layers diet that 
containing peas did not tended to reduce the feed intake. Whereas the 
results reported by Brense et al. (1993a, b) that enzyme mixing tended to 
reduce feed intake in layers diet. 
 Mean values of external quality characteristics of eggs from 31st – 
42nd week of age layers fed treated and enzyme treated cowpea seeds 
revealed the non effect of dietary treatments on shell thickness and egg 
shape index. Egg weight sample, maximum length and maximum width, 
shell weight and shell percentage were higher for birds fed enzyme 
treated cowpea seeds compared to other treatments. These results in 
agreement with Brafau et al. (1994) findings in which they observed 
improvement in shell thickness and egg sample weight when layer fed 
diet supplemented with enzyme. 
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 The effect of seed treatment and enzyme addition on internal 
quality characteristics of eggs from 31st – 42nd week of age indicated that 
albumin weight, albumin % yolk index and yolk colour score for birds 
fed enzyme treated cowpea seeds were higher compared to other dietary 
treatments.This may be due to enhancement of digestion and/or 
absorption of the nutreinets. This response coincided with findings by 
Headson (1993) that addition of enzyme to layers diet improved some on 
internal quality characteristics and decreased egg breaking.  
 Mean values of plasma constituents of 31st – 42nd week of age 
layers as affected by seed treatment and enzyme addition to cowpea 
seeds revealed that a parameters  Hb, calcium, potasium, total protein, 
albumin, uric acid and glucose were affected by dietary treatments. 
Higher values recorded for birds fed decorticated, decorticated roasted 
and enzyme treated cowpea seeds while the lowest value observed for 
birds fed raw cowpea seeds. This may be attributed to the presence of 
ANFs in raw cowpea seeds that inhibit activity of some pancreatic 
enzymes and cause liver and pancreases disorder (Teguia   et al., 2003). 
 Generally improvement in layers performance when enzymes are 
fed to poultry is, due to the activation of digestive enzymes. Once inside 
the gastrointestinal tract, the enzymes have to withstand conditions which 
can cause inactivation, such as an acidic pH of the stomach in the 
presence of pepsin, and further proleotilic attack from pancreatic 
proteases (Almirall and Esleve-Garcia, 1995). 
 Decorticated roasted cowpea seeds showed best performance 
followed by decorticated seeds, these results in agreement with (Owusu 
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et al., 2002) who reported that dehulling and heat treatment improved 
nutrients digestibility, reduce anti-nutrients, factors and by altering he 
nature of protein in peas improve protein and amino acids digestiblities, 
this resulted in good performance. 
 Birds fed on decorticated cowpea seeds observed to have poor 
performance compared to those fed decorticated roasted seeds, this due to 
the  residual effect of anti-nutritional factors in decorticated seeds.  
6.5 Economical analysis: 
In trying to assess the economics of these experiments, the profit 
was calculated as percentage relative to control. 
The economic indices in table (6.24) are given simply to provide 
some indications of the relative economic worth of these diets. However, 
diet for broilers often contains 5% raw cowpea seeds suggested to be 
economically the best level when untreated cowpea seeds included in the 
diets.  
Diets for broilers containing decorticated roasted cowpea seeds 
were observed to have the highest profit percent followed by diets which 
included   enzymes treated cowpea seeds.  
Diets for layers frequently contain 5% raw cowpea seeds observed 
to have the highest profit percent. 
Layers diet supported with enzymes was observed to have 
significantly  the highest profit followed by the diet included decorticated 
roasted cowpea seeds. 
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Table (6.24): Cost and profit (%) relative to control of poultry diets 
included raw and treated cowpea 
Diet Total cost (%)   
Profit or loss      
(%) 
 
5% cowpea seeds 96 106 
10% cowpea seeds 99 84 
15% cowpea seeds 99 39 
Decorticated seeds 100.5 139 
Decorticated roasted 101 140 
Broilers 
Supported by enzyme 105 143 
5% cowpea seeds 100 107 
10% cowpea seeds 100 42 
15% cowpea seeds 98 19 
Decorticated seeds 99 66 
Decorticated roasted 100 68 
Layers 
Supported by enzyme 106 102 
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CHAPTER SEVEN 
GENERAL DISCUSSION 
 
 There are over 1300 species of the family Leguminosae, but only a 
small proportion are used for animal feeding. In a review of some of the 
promising (new) grain legumes as animal feed Arora (1995) drew 
attention to winged bean, Jack bean, sweet pea, guar, pigeon pea and 
cowpea. Because of their genetic diversity, nutritional qualities and 
ability to contribute to sustainable agricultural systems, grain legumes 
show considerable potential for development in some countries and could 
be used to provide a local alternative to imported protein feedstuffs. 
Although new varieties of legumes are becoming available and cultivated 
in a wide range of conditions. Little is known about their nutritional 
value for poultry or the extent to which anti-nutritional factors may 
hinder their utilization by poultry and other livestock (Robinson and 
Singh, 2001). In the present study, the results revealed that Vigna 
unguiculata seeds could potentially be used as a source of crude protein 
and metabolizable energy, however, the amino acid profile of cowpea 
seeds (lysine 1.59% and methionine 0.32%) is lower than that of soybean 
meal (NRC, 1994). 
 Regarding the effect of cowpea seeds on overall performance of 
broiler chicks, birds fed on5% showed same performance as those fed the 
control diet. Feed intake and weight gain were deceased when the levels 
of cowpea seeds increased. Depression in fed intake is coinciding with 
Teguia et al. (2003) who reported that all birds fed on diets with legume 
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grains meal consumed significantly less feed than did the control birds. 
This could be related to the presence in the grains of condensed tannins 
(Butler et al., 1984), which are known to give an astringent taste to the 
feed, thus negatively affecting its palatability. Tannins also induce poor 
feed digestibility because they bind to proteins and reduce the utilization 
of carbohydrates (Rostango, 1972). Indeed tannins and protease 
inhibitors usually raise the feed conversion ratio (Rostango, 1972; Butler 
et al., 1984). The presence of protease inhibitors could be responsible for 
the depression in growth as reported by Teguia et al. (2003) as they 
interfere with the digestion of proteins. Depression in body weight gain 
associated with the higher levels of cowpea seeds, is probably related to 
the inadequate intake of necessary essential nutrients, proteins and 
essential amino acids, this coincides with the finding of Scott et al. 
(1982). Depression in growth of chicks fed cowpea seeds may be due to 
chelation of phosphorus and protein by phytate, or due to presence of 
chemotrypsin inhibitors that inhibit growth, interfere with tryptic 
digestion of proteins in the gastro-intestinal tract of the animal. 
 To increase utilization by chickens, seeds should undergo 
treatment cowpea such as dehulling, roasting, soaking, fermentation, 
cooking, autoclaving or supplementation of the diet with enzymes. 
Roasting and decortication of cowpea seeds slightly reduced the level of 
tannin. Slight decease in tannin by autoclaving, cooking soaking and 
germination was reported by Anthony et al. (1984). On he other hand 
roasting and decortication reduce trypsin inhibitors and tannin in cowpea 
seeds. Similar findings were reported by Plahar (1997) and Jibaja et al. 
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(1988) who found that, roasting increased protein ratios values of the 
cowpea by decreasing tannin and trypsin inhibitors activities. In the 
present study, results of chemical analysis of (roasted and decorticated) 
cowpea seeds revealed that roasting and decorticated failed to reduce all 
tannin and trypsin inhibitors. This was supported by Udedibie and Carlini 
(2000) findings in which they observed residual activities of tannin, 
trypsin inhibitors and haemaem-agglutinin when legumes seeds were 
subjected to dry heat treatment.  
 Overall performance of broiler finisher chicks as affected by 
different levels of cowpea seeds indicated that, inclusion of 0, 5, 10 and 
15% cowpea seeds consistently increased overall feed intake, overall 
body weight gain and final live weight. This was similar to Silivo (2005) 
findings, who suggested that tolerance to cowpea maybe age related.  
 In the present study results indicated that, attempts to improve the 
nutritive value of cowpea seeds through enzyme supplementation have 
been largely successful. Overall bodyweight gain, feed conversion ratio, 
feed consumption and protein intake observed to be higher for birds fed 
diet supplemented with enzyme compared to others, this is in line with 
the findings of Wiryawan and Dingle (1999) who reported, protein 
digestibility, TME, FC and body weight gain were improved for broiler 
chicks consuming pea-based diets supplemented with enzymes. This was 
in agreement with Naveed et al. (1999); Bachkundsen (2000) findings in 
which they observed improvement in apparent metabolisable energy of 
lypinus when the diet supplemented with enzymes. Concerning internal 
organ size, results revealed that consumption of 10 and 15% levels raw 
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cowpea seeds caused an increase in the weights of gizzard, liver and 
pancreas while heart, spleen, lung, kidney and intestines weights were 
unchanged, this was in line with Robinson and Singh (2001) who 
observed enlargement in liver, pancreas and gizzard of broiler chicks 
when consumed high levels of untreated legume seeds. This may be due 
to higher metabolic work of these organs in treatment legume protein. 
 Plasma constituents were affected by inclusion of cowpea seeds in 
the diet. In the present study level of Ca and K decreased when level of 
cowpea seeds increased. This coincided with Oberleas et al. (1998) 
findings. They attributed these results to the presence of phytic acid in 
cowpea seeds. Phytate decrease the bioavailability of essential minerals 
and may possibly interfere in the utilization of proteins due to phytate 
protein and phytate-minerals-protein complexes. Plasma total protein, 
albumin, globulin, glucose and cholesterol were reduced by increasing 
level of cowpea seeds in broiler diet. This was in agreement with Rhman 
and Sahah (2000) findings, this reduction due to the liver function 
disorder. 
 Concerning the effect of different dietary levels of cowpea seeds 
on overall performance of layers indicated that feed intake was depressed 
with the increased level of cowpea seeds. Hen-day egg production % and 
FCR of birds fed on the control and 5% cowpea seeds were better than 10 
and 15% cowpea seeds. Thee results are coincided with Robinson and 
Sigh (2001) who noticed a reduction in feed intake and egg production 
when inclusion of cowpea seeds increased. No effect on egg weight and 
mortality. However negative effect of cowpea seeds inclusion was 
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observed in body change. These results are similar to findings of Castell 
et al. (1996) who reported that diets for layers frequently contain up to 
10% field peas as slight decrease in the rate of lay (2.5 to 3%) is 
observed when higher levels of peas are fed. The improved performance 
of layers during recovery period indicated that birds previously fed high 
levels of cowpea seeds produced less egg. Its clear that egg production of 
birds previously given 10 and 15% cowpea seeds improved in the first 
week by 21.11, 17.23 and 10.18%, while improved by 22.47, 19.92 and 
29.5% in the second week of recovery, respectively. External quality 
characteristics of eggs were slightly change with inclusion of cowpea 
seeds except egg shape index. Internal quality characteristics were not 
affected by cowpea seeds inclusion except albumin weight and yolk 
colour score which increase as the level of cowpea seeds increased in 
layer chicken diets. 
 A major restriction on the use of legume in poultry diet is that they 
may contain anti-nutritional factors that depress poultry performance. 
Igbasan and Guenter (1997) reported that untreated legume decreased 
egg production, feed conversion and egg mass output. A number of 
techniques are available for eliminating or inactivating ANF thus 
improving the nutritional value of poultry diet. The present study results 
revealed that layers fed on decorticated, decorticated roasted and enzyme 
treated cowpea seeds observed to have better performance compared to 
those fed raw cowpea seeds. This was in agreement with Vanderpoel 
(1990) findings, he reported that ANF present in feed ingredient can be 
reduced by dehulling and heat treatment. Higher hen-day egg production 
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were recorded for layers fed on enzyme treated cowpea seeds compared 
to others treatments. This coincided with Brense et al. (1993); Igbasan 
and Guenter (1996) findings in which they reported positive production 
responses from the addition of supplementary enzyme to poultry diets 
containing legume seeds. Results indicated that dietary treatments  
significantly affected layers performace. Higher values of feed intake, 
egg production and egg weight recorded for birds those fed enzyme 
treated cowpea seeds followed by those fed decoarticated roasted seeds. 
 The improved performance of layers during recovery period 
confirmed that birds previously consumed raw cowpea seeds observed to  
have higher egg production in the first  recovery week than  the second 
one. Increment in body weight was significantly (P< 0.05) observed for 
birds previously fed raw cowpea seeds.   
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CONCLUSION 
 
* Inclusion of 15% copwea seeds in poultry diet caused adverse 
effect. Therefore treatment of raw seeds and enzyme 
supplementation must be used.    
* Inclusion of high level of 15% cowpea seeds (Vigna unguiculata) in 
broiler diets caused reduction in feed intake, body weight gain, 
protein intake, protein efficiency ratio and carcass weight, also 
caused adverse effect on plasma Ca, Na, K, total protein, albumin, 
globulin, cholesterol and glucose, values decreased when level of 
cowpea seeds in diet increased.  
* Physiologically, high inclusion of cowpea seeds 15% in broiler diets 
caused enlargement of liver, pancreas and gizzard sizes. 
* Inclusion of high level 15% of cowpea seeds in layer diets resulted 
in loss of body weight and depression of feed intake, egg 
production, egg weight, also caused adverse effect on shell weight 
and thickness, albumin weight and yolk index plasma cholesterol 
and albumin were depressed. 
* Treatment of cowpea seeds by decortication or roasting before 
inclusion into broilers diets or supplementation with enzymes were 
able to improve feed intake, FCR, bodyweight gain, protein intake, 
PER, plasma total protein, Hb, albumin, globulin, uric acid, total 
lipids and Ca carcass weight also improved.   
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* Decortication or roasting of cowpea seeds and enzymes addition 
were able to improve feed intake, egg production, egg weight, shell 
weight, albumin weight and yolk index. Also plasma constituents 
(Hb, Ca, K, total protein, albumin, uric acid and glucose concentra-
tion) were improved.  
* It was also observed that some anti-nutritional factors present in 
cowpea seeds could not be totally removed by decortication or 
roasting. 
* Further research is required to determine the most economical 
methods to improve cowpea seeds nutritional quality to allow high 
inclusion levels in broilers and layers chicken diets. 
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Recommendations: 
1. Government should encourage cultivation and intensification of 
plant proteins such as cowpeas to increase supply and availability 
of plant proteins for use by the poultry feed industry. 
2. Appropriate and cost effective feed treatment technologies for both 
animal and plant protein sources that can be used by both small 
and large scale feed compounders should be developed. 
3. Further research is required to determine the most economical 
methods to improve cowpea seeds nutritional quality and allow 
high inclusion levels in broilers and layer chicken diets.  
4. Incourgement of legumes inclusion in poultry diet to reduce 
cholesterol in poultry meat and eggs.  
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APPENDICES 
Appendix (1) 
 
1. Chemical analysis: 
 The nutrients compositions of cowpea (Vigna unguiculata) seeds 
were carried out in laboratory of Animal Nutrition, Faculty of 
Agriculture, University of Khartoum. Proximate and amino acids 
analysis of ingredients used in these experiments were shown in table 
(3.1). The ME (Kcal/kg) of local feed ingredients was calculated 
according to equation suggested by (Lodhi et al., 1976). ME (Mcal/kg) = 
1.54 + 0.0102 CP + 0.0275 oil + 0.0148 NEF – 0.0034 fiber. 
2. Experiments: 
 Vigna unguiculata seeds were purchased from the local market. 
Four experiments were conducted to study the nutritive value of raw and 
processed Vigna unguiculata seeds (De-corticated, de-corticated roasted) 
and supplemented with enzymes.  
3. Haemoglobon concentration (Hb%): 
 Haemoglobin concentration was determined by spin react 
haemoglobin – Drabkin kit. 
- Principles 
 Haemoglobin is oxidized by potassium ferriccyanide into 
methaemoglobin, which is converted into cyanomethaemoglobin by 
potassium cyanide. The intensity of absorbance of cyanomethaemoglobin 
is proportional to haemoglobin concentration. 
 
- Reagents 
- Potassium phosphate 0.2 m.mol/l 
- Ferriccyanide 0.6 m.mol 
- Cyanide 0.9m.mol/l 
- Sodium chloride 1.4m.mol/l 
Five mls of the above concentrated reagent was added to 245 ml distilled 
water to form the reagent. 
- Procedure: 
 Two point five mls of working reagent were added to equal 
volume of tube defined as blank, sample and standard tube then 20 
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microlitre of each blood samples were added to the sample tubes, but in 
the standard tube 20 microlitre standard solution cyanmethaemoglobin 
were added. All the tubes were allowed to stand for 15 minutes. Then 
optical density was read at 540 nm in a calorimeter (Corning 250). 
- Calculation: 
Test optical density Haemoglobin (g/dl) = Standard optical density 
 
4. Blood biochemistry: 
4.1 Plasma total protein: 
 Plasma total protein concentration was determined by Biuret 
reagent methods as described by (King and Wooton, 1965). 
- Reagent: 
 Buiret reagent (stock reagent) contents, 9 g of sodium potassium 
tartrate was dissolved in 400 mls of 0.2 N NaOH, 3 g of copper sulphate 
and 5 g of potassium iodide were added and the volume was made up to 
1 liter with 0.2 N NaOH. 
Procedure: 
 The blank was prepared by, adding 0.02 distilled water to 3 ml   
Biuret reagent. The test solution was prepared by mixing 0.02 ml plasma 
with 3 ml of Biuret reagent, while the standard consisted of 0.02 ml of 
the standard (6.0 g bovine albumin/100 ml distilled water) and 3 ml 
Biuret reagent. Each of three tubes containing standard, blank and 
samples were thoroughly mixed and allowed stand for 30 minutes at 
room temperature. The optical density of solutions was read at 540 nm 
using (Jeneway-6150 Ultraviolet-USA) spectrophotometer as below. 
Samples optical density Plasma total protein (g/dL) = Standard optical density X 6 
4.2 Plasma albumin: 
 Plasma albumin was determined by calorimetric method of 
(Baratholmew and Delaney 1966). 
- Reagent: 
 0.174 g of Bromo-cresol green (BCG) was dissolved in 2.5 ml of 
0.1 N  NaOH and the volume was made up250 ml with distilled water. 
Six ml of (BCG) were added to 17.3 ml of 29.4% molar citric acid. The 
volume was made up to 1 liter distilled water. 
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- Procedure: 
 Four ml of the reagent (BCG) was used as blank to adjust zero 
point. For the standard 0.02 ml of the standard solution (4 g bovine 
albumin/100 ml distilled water) was added to 4 ml of the above reagent 
for the test 0.02 ml of the samples (plasma) was added to 4 ml of the 
reagent. All the tubes were mixed well, read at 620 nm using 
spectrophotometers as: 
Samples optical density Plasma albumin (g/dL) = Standard optical density X 5 
 
4.3 Plasma globulin: 
 Plasma globulin was determined by the difference between plasma 
total protein and plasma albumin (King and Wooton, 1965). 
4.4 Determination of plasma glucose: 
 Plasma glucose was determined by enzymatic calorimetric 
methods using kit GOD-PAP (Randox Labvoratory Ltd, London). 
- Principle 
 Glucose is oxidized by glucose-oxidase to gluconate and hydrogen 
peroxide according to the following equation: 
Glucose + O2 + H2O      
GOD H2O2 + gluconate 
2 H2O2 Phenol + 4-AP 
POD Quinonimine + 4 H2O 
- Reagents  
Reagent 1  TRIS buffer (pH 7.4)  92 mmol/L 
Buffer solution: Phenol   0.3 mmol/L 
Reagent 2  glucose oxidase        1500 IU/L 
Enzymes: Peroxidase         1000 IU/L 
4- aminophenazone (4-AP)       2.6 mmol/L 
- Procedure 
 The blank was prepared by mixing 0.01 ml of distilled water with 
1.0 ml glucose reagent. For the test tubes, 0.01 ml of the plasma was 
added to 1.0 ml of glucose reagent. The standard was prepared by mixing 
0.01 ml of glucose standard with 1 ml of glucose reagent. The contents of 
the tubes were mixed and incubated for 10 minutes at room temperature. 
Then the samples and standard were read at 520 nm using calorimeter 
(Corning, 250). 
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- Calculation 
Samples optical density Plasma glucose (mg/dL)= Standard optical density X standard conc. 
 
Standard concentration = 100 mg/dl 
 Blank Standard Sample
Standard - 0.01 ml - 
Sample - - 0.01 ml
Reagent 1.0 ml 1.0 ml 1.0 ml 
 
4.5 Determination of plasma cholesterol: 
 The plasma cholesterol level was determined by enzymatic 
calorimetric method using a kit (Randox Laboratory, London) 
- Reagent 
 Solution consist of 4-amino antipyrine 3 mmol/L, 6 m.mol/L 
phenol, 0.5 IU/ml peroxidase and the standard reagent composed of 5.7 
mmol/L cholesterol. 
- Procedure 
 The blank was prepared by mixing 0.01 ml distilled water with 1.0 
ml of cholesterol reagent. For the test tubes, 0.01 ml plasma was added to 
1.0 ml of the reagent. The standard was prepared by mixing 0.01 ml of 
cholesterol standard wih1 ml of the reagent, en all tubes were mixed 
well, incubated at room temperature for 10 minutes and read samples and 
standard at 540 nm using calorimeter (Corning 250). 
- Calculation  
Test optical samples Plasma cholesterol (mg/dL)= Test optical standard X standard conc. 
Standard concentration = 200 mg/dL. 
4.6 Uric acid: 
 Plasma uric acid concentration was measured by an enzymatic 
method using a kit (Plasmetec Laboratory Products Ltd., U.K.). 
- Principle: 
 Enzymatic color test on basis of Trinder-Reaction: 
Uric acid + O2 + H2O   
Uricase  H2O2 + CO2 + Allantoin 
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Using peroxidase (POD) as a catalytic enzyme: 
2 H2O2 + Amino antipyrine + 2.4 Dichloro-phenol-sulfonate  
POD  
Quinoneimine Dye + 4 H2O 
The absorbance of sample and standard were read against e reagent 
blank in the spectrophotometer at 620 nm.   
Test optical samples Plasma uric acid (mg/dL) = Test optical standard X 6 
4.7 Determination of plasma sodium (Na) 
 The concentration of Na in plasma was determined by flame 
photometer technique as described by Wooton (1974). 
- Reagent 
 A stock solution of NaCl was prepared by dissolving 0.634 g of 
analar NaCl in 500 ml of distilled water. Working standard solution was 
prepared by diluting 0.6 ml of the stock solution to 100 ml of distilled 
water. 
- Procedure 
 A volume of 0.1 ml of plasma was diluted with 9.9 ml-deionized 
water in a test tube. The zero reading was adjusted by deionized water 
and the high standard was adjusted to upper setting of 100 using the 
working standard solution. Then standards and samples were measured 
using flame photometer. Plasma (Na) concentration was measured in 
mEq/L the values were read from the standard curve.  
4.8 Plasma potassium concentration (K): 
 The concentration of K in plasma was determined by flame 
photometry technique, described by Wooton (1974). 
-Reagents 
 A stock solution of KCl was prepared by dissolving 0.477 gm of 
dry analar Kcl in500 ml of distilled water. A working standard solution 
was prepared by diluting 0.6 ml of stock solution in 100 ml distilled 
water. The calibration curve for potassium was constructed using dilution 
of the standard to give 0.1, 0.3, 0.4 and 0.5 mEq/L water against 
photometer units. 
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- Procedure 
 A volume of 0.1 ml of plasma was diluted with 9.9 ml deionized 
water in test tube. The zero reading was adjusted by deionized water and 
the high standard was adjusted to upper setting of 100 using the working 
standard solution. Then standards and samples were measured using 
flame photometer. Plasma (K) concentration was measured in mEq/L the 
values were read from the standard curve.  
4.9 Plasma calcium concentration: 
  The concentration of calcium was determined by calorimetric 
method described by Trinder (1967). 
- Reagent 
Chloranilic acid (0.5%)  
 Point eight g of the chloranilic acid was dissolved in 100 ml of 
distilled water containing 0.4 ml of ethanolamine. Then 50 g of e sodium 
cyanide were added. After 12 hours, the clear upper layer was stored in 
refrigerator.   
Ferric nitrate solution (4%) 
 Ten g of ferric nitrate was dissolved in 200 ml of distilled water 
and 30 ml of H2SO4 was added. The volume was made up to 250 ml with 
distilled water. 
- Standard stock solution 
 Point twenty five g of calcium carbonate was dissolved in 0.1 N 
HCl and the volume was made up to 100 ml with HCl. The working 
standard solution was prepared by diluting 4 ml of the stock standard in 
100 ml distilled water.  
-Procedure 
 For samples and standard preparation 0.5 ml of plasma sample and 
working standard were added in two test tubes. The 1 ml of chloranilic 
acid was added to each tube. All centrifuged at 3000 r.p.m. for 5 minutes, 
then the supernatant was decanted and the tubes ere drained on clear 
filter paper. The precipitate was washed with 0.5 ml distilled water; then 
centrifuged, decanted and washed again. The precipitate was dissolved in 
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4 ml of 4% ferric nitrate and left to stand for 5 minutes and the optical 
density was read at 500 nm using spectrophotometer.  
- Calculation 
Test optical samples Ca concentration (mg/dL) = Standard optical density X 10 
 
4.10 Plasma inorganic phosphorus: 
 Inorganic phosphorus was determined by the method described by 
Gomori (1942). 
- Reagents 
10% TCA 
 Ten g TCA were dissolved in 100 ml distilled water. 
Ammonium molybadate solution 
 Fifteen g of ammonium molybadate were dissolved in 400 ml of 
distilled water; then 100 ml of 10 N sulphuric acid were added and the 
volume made up to 800 ml with distilled water.  
P-Methylaminophenol (Metol) solution 
 One gram of P-methylaminophenol was dissolved in 100 ml of 3% 
solution of sodium bisulphate.  
Standard solution 
 Dissolve 0.2197 g of potassium dihydrogen phosphate in 1 litre 
distilled water and add few drops of chloroform.  
 
Test: 
- Add 1 ml of the plasma to 9.0 ml of 10% TCA and filter. Take 5 
ml from the supernatant standard: 
- Point five ml of working standard plus 4.5 ml of 10% TCA. 
Blank 
 5 ml of 10% TCA. 
 To all tubes, add 1 ml of ammonium molybadate solution, mix and 
add 1 ml of metol solution. Mix and allow standing for 30 minutes at 
room temperature. The optical density was read at 680 nm using 
spectrophotometer. 
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Calculation  
Test optical samples P concentration (mg/dL) = Standard optical samples 
4.11 Determination of plasma lipids: 
 Total lipids were determined by the method described by Frings      
et al. (1972). 
1. Chemical reagents 
2. Vanillin, phosphoric acid. 
3. Phosphovanillin reagent 400 ml of concentrated phosphoric acid 
were added slowly to 100 ml of 0.61 vanillin solution in water 
with contrast shaking. 
4. Standard oline oil (1 g) dissolved in 1200 ml absolute ethanol 
procedures. 
 Serum (0.1 ml) was digested with 2 ml of concentrated sulphuric 
acid in a boiling water bath for 10 minutes. 0.1 ml of the digested was 
added to 5 ml of phosphovanillin reagent, mixed well. The mixture was 
incubated at 37oC for 15 minutes. The optical density was read at 540 
Am. in spectrophotometer. Total lipids were calculated using oline oil as 
standard.  
5 Determination of tannin in raw and treated sample: 
 Quantitative estimation of tannin for each sample was carried out 
using the modified vanillin HCl in methanol methods as described by 
Price et al. (1978). The specific reagent for the determination 
encompasses equal volumes of 1% vanillin in methanol (w/v) and 8% 
concentration HCl in methanol (v/v). These are to be mixed just prior to 
use and were rejected whenever trace of the manipulation is in the 
sequence of 0.2 g of the ground sample placed into a 100 ml conical 
flask. Ten mls of 1% HCl in methanol (v/v) were added, shaken for 20 
min. using mechanical shaken and centrifuged at 2500 rpm. One ml of 
the supernatant was pipette into a test tube and 5 ml of vanillin HCl 
reagent were added. The optical density was read using colorimeter at 
500 nm after 20 minutes incubation at 30oC, for zero setting   colorimeter 
1 ml of a blank (1% HCl in methanol (v/v) and 5 ml vanillin – HCl 
reagent in a test tube. The blank mixture was incubated at 30oC for 2 
minutes.  
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Calculation 
C x 10 x 100 CE % = 200 
 
Where: 
 C   = Concentration corresponding to optical density 
 10 = Volume of extract in ml. 
 200 = Sample weigh in mg 
 
6. Determination of trypsin inhibitory activity: 
 The extract of the samples was obtained by shaking 4 g of the 
sample with 40 ml of 0.1 m phosphate buffer pH 7.5 (16 ml of 0.2 Na 
H2PO4) and 84 ml Na HPO4 (0.2 m) diluted to 200 ml for 3 hours using a 
mechanical shaker (shutted machine R%) at room temperature. The 
extracts were than centrifuged at ambient temperature at 3000 rpm for 20 
minutes. 
 The supernatants were diluted two times and then used for 
analysis. 
 For the essay of enzymatic activity, the casein substrate was used 
for determining trypsin inhibitor activity in the crude preparations 
(phosphate buffer extracts). 
 A 2% casein solution in phosphate buffer (0.1 M pH 7.5) was used 
as substrate, while the enzyme used as trypsin (Beef pancreas), 5 mg/ml. 
The incubation mixture consisted 0.5 ml trypsin.  Two ml 2% casein, 0.9 
ml phosphate buffer (0.1 MPH 7.5) 0.4 ml HCl solution (0.001 M) and 
0.2 phosphate buffer extract. In all cases the total volume of incubation 
mixture were kept at 4 ml. Incubation was carried out at 37oC for 20 
minutes, after which 60 ml of TCA solution was added to stop the 
reaction and corresponding blanks were run concurrently.   
 In this method one trypsin unit (TU) is arbitrarily defined as an 
increase of 0.01 absorbance unit at 280 nm in 20 minutes for 10 ml of 
reaction mixture under the conditions and the trypsin inhibitor activity as 
the number of trypsin units inhibited (Ray and Ras, 1971).    
7. Experimental design and statistical analysis: 
 All experiments were conducted using complete randomized block 
design. The data generated from experiments were tabulated and 
subjected to analysis of variance by using Statistical Package System            
SPSS programme.   
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Appendix (2) 
Effect of feeding different dietary levels of cowpea (Vigna unguiculata) 
seeds on layers performance (31st week of age) 
Dietary levels of cowpea seed % 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM 
Feed intake (g/bird/day) 85.05 80.42 75.13 74.30 5.38 
Egg production (hen-day %) 80.72a 79.33a 70.18ab 65.40b 6.18 
Egg weight (g/egg) 68.70a 66.45a 58.22b 56.16bc 6.18 
FCR (kg feed/kg egg) 2.05c 2.00c 3.25b 4.66a 0.48 
FCR (kg feed/kg/dozen egg) 1.50c 1.48c 3.05a 3.91a 0.22 
Change in body weight (g) +10.42b +22.63a -28.60c -40.10d 10.81 
Values are means of 60 birds/treatment (10 birds/replicate) 
abc Means with different superscripts in the same row were significantly different   
(P< 0.05). 
SEM ≡ Standard error means from ANOVA of 15. 
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Appendix (3) 
Effect of feeding different dietary levels of cowpea (Vigna unguiculata) 
seeds on layers performance (33rd week of age) 
Dietary levels of cowpea seed % 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM
qqq 
Feed intake (g/bird/day) 84.27a 75.33b 70.78b 66.57c 6.20 
Egg production (hen-day %) 79.48a 68.14ab 60.18b 46.82c 7.30 
Egg weight (g/egg) 70.07a 69.37a 52.91b 50.17b 2.18 
FCR (kg feed/kg egg) 2.24c 2.33c 3.26b 5.80a 0.62 
FCR (kg feed/kg/dozen egg) 1.61c 1.90c 2.88ab 3.62a 0.32 
Change in body weight (g) +15.06a -41.30b -48.55bc -56.43d 10.71 
 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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Appendix (4) 
Effect of feeding different dietary levels of cowpea (Vigna unguiculata) 
seeds on layers performance (35th  week of age) 
Dietary levels of cowpea seed % 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM 
Feed intake (g/bird/day) 80.25a 69.35b 65.16b 65.22b 6.30 
Egg production (hen-day %) 79.51a 63.28b 49.72c 38.44d 5.21 
Egg weight (g/egg) 69.82 66.34 54.08 51.65 3.06 
FCR (kg feed/kg egg) 2.13c 2.20c 3.14b 4.38a 0.32 
FCR (kg feed/kg/dozen egg) 1.30c 1.25c 3.60b 5.08a 0.41 
Change in body weight (g) +13.34a -42.77b -52.64c -61.75d 14.50 
 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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Appendix (5) 
Effect of feeding different dietary levels of cowpea (Vigna unguiculata) 
seeds on layers performance (37th  week of age) 
Dietary levels of cowpea seed % 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM 
Feed intake (g/bird/day) 80.37a 72.11ab 61.75c 60.34c 6.25 
Egg production (hen-day %) 73.70a 60.42ab 46.20b 35.16c 7.06 
Egg weight (g/egg) 68.27 66.33 65.32 52.68 3.12 
FCR (kg feed/kg egg) 2.01bc 2.11b 2.96a 3.97a 0.52 
FCR (kg feed/kg/dozen egg) 1.70c 1.52c 2.89b 3.65a 0.64 
Change in body weight (g) +14.68a -47.41b -61.33c -63.16c 14.31 
 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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Appendix (6) 
Effect of feeding different dietary levels of cowpea (Vigna unguiculata) 
seeds on layers performance (39th week of age) 
Dietary levels of cowpea seed % 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM 
Feed intake (g/bird/day) 79.46a 71.57a 60.59b 60.71b 5.24 
Egg production (hen-day %) 63.29a 50.2b 40.42c 31.63d 7.05 
Egg weight (g/egg) 67.31 64.80 63.11 54.70 4.60 
FCR (kg feed/kg egg) 1.92b 1.98b 2.57a 2.88a 0.70 
FCR (kg feed/kg/dozen egg) 1.24c 1.20c 1.96b 2.77a 0.68 
Change in body weight (g) -16.20a -49.10b -67.09c -69.11d 16.50 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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Appendix (7) 
Effect of feeding different dietary levels of cowpea (Vigna unguiculata) 
seeds on layers performance (41st week of age) 
Dietary levels of cowpea seed % 
Parameters 
0 (A) 5 (B) 10 (C) 15 (D) 
+SEM 
Feed intake (g/bird/day) 80.44a 80.37a 70.06b 60.24c 6.12 
Egg production (hen-day %) 68.17a 57.23a 42.48b 30.57c 6.22 
Egg weight (g/egg) 68.05 66.42 64.71 55.30 5.27 
FCR (kg feed/kg egg) 2.12cd 2.31c 3.45b 4.09a 0.64 
FCR (kg feed/kg/dozen egg) 1.44b 1.49b 2.32a 2.44a 0.72 
Change in body weight (g) -18.41a -49.88b -69.08c -69.87c 15.30 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
SEM: Standard error of the means from ANOVA d.f. 15. 
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Appendix (8) 
Effect of feeding raw, decorticated, decorticated roasted seeds of cowpea     
(Vigna unguiculata) and enzyme supplementation on layers performance 
(31st – week of age)  
 
Cowpea seeds subject to different treatment 
Parameters Raw 
seeds 
Decort. 
Seeds 
Decort. 
Roasted 
seed 
Raw seeds 
+ 0.25 
enzyme 
+SEM 
Feed intake (g/bird/day) 75.20c 78.13b 86.65a 78.41b 4.51 
Hen-day egg production (%) 65.18c 77.30ab 80.62a 80.87a 5.08 
FCR (g feed/g egg weight) 4.58a 3.81a 2.79b 2.28c 0.67 
FCR (kgfeed/kg dozen egg) 3.42a 2.68b 1.52c 1.47c 0.54 
Egg weight (g) 58.27 69.37 63.18 71.36 2.15 
Change in body weight (g) -22.08a -15.21b -9.02c -5.18c 2.21 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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Appendix (9) 
Effect of feeding raw, decorticated, decorticated roasted seeds of cowpea   
   (Vigna unguiculata) and enzyme supplementation on layers performance 
(33rd – week of age)  
 
Cowpea seeds subject to different treatment 
Parameters Raw 
seeds 
Decort. 
Seeds 
Decort. 
Roasted 
seed 
Raw seeds 
+ 0.25 
enzyme 
+SEM 
Feed intake (g/bird/day) 74.35b 75.19b 80.25ab 86.07a 6.15 
Hen-day egg production (%) 52.24c 60.44b 80.49a 81.32a 5.60 
FCR (g feed/g egg weight) 4.55a 4.08b 2.27c 2.31+c 0.26 
FCR (kgfeed/kg dozen egg) 3.97a 3.21b 2.27c 2.09d 0.38 
Egg weight (g) 54.24bc 56.18b 69.70a 70.36a 2.16 
Change in body weight (g) -31.51d -21.44c -15.19b +6.62a 3.21 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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Appendix (10) 
Effect of feeding raw, decorticated, decorticated roasted seeds of cowpea  
    (Vigna unguiculata) and enzyme supplementation on layers performance 
(35th – week of age)  
 
Cowpea seeds subject to different treatment 
Parameters Raw 
seeds 
Decort. 
Seeds 
Decort. 
Roasted 
seed 
Raw seeds 
+ 0.25 
enzyme 
+SEM 
Feed intake (g/bird/day) 70.48b 74.33b 82.41a 85.29a 6.19 
Hen-day egg production (%) 42.15bc 46.35b 78.51a 80.09a 5.81 
FCR (g feed/g egg weight) 4.29a 3.42b 2.17c 2.05c 0.48 
FCR (kgfeed/kg dozen egg) 3.05a 2.73b 1.25c 1.17c 0.26 
Egg weight (g) 54.27b 55.16b 69.38a 70.37a 4.81 
Change in body weight (g) -51.28d -38.19c -16.89b -10.18a 3.52 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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Appendix (11) 
Effect of feeding raw, decorticated, decorticated roasted seeds of cowpea 
     (Vigna unguiculata) and enzyme supplementation on layers performance 
(37th – week of age)  
 
Cowpea seeds subject to different treatment 
Parameters Raw 
seeds 
Decort. 
Seeds 
Decort. 
Roasted 
seed 
Raw seeds 
+ 0.25 
enzyme 
+SEM 
Feed intake (g/bird/day) 78.78a 78.24a 80.46a 81.41a 6.18 
Hen-day egg production (%) 39.31c 42.38b 77.26a 79.45a 7.31 
FCR (g feed/g egg weight) 4.27a 3.68a 2.18b 2.25b 0.52 
FCR (kgfeed/kg dozen egg) 3.98a 2.87b 1.42c 1.47c 0.43 
Egg weight (g) 54.71 56.39 69.55 69.68 3.78 
Change in body weight (g) -60.12d -46.33c -22.03b +15.32a 4.20 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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Appendix (12) 
Effect of feeding raw, decorticated, decorticated roasted seeds of cowpea  
    (Vigna unguiculata) and enzyme supplementation on layers performance 
(39th – week of age)  
 
Cowpea seeds subject to different treatment 
Parameters Raw 
seeds 
Decort. 
Seeds 
Decort. 
Roasted 
seed 
Raw seeds 
+ 0.25 
enzyme 
+SEM 
Feed intake (g/bird/day) 73.64b 79.46ab 82.15a 86.27a 7.08 
Hen-day egg production (%) 40.22b 42.38b 79.42a 80.09a 6.67 
FCR (g feed/g egg weight) 4.08a 3.78b 2.27c 2.15d 0.61 
FCR (kgfeed/kg dozen egg) 3.78a 3.10a 1.46b 1.45b 0.45 
Egg weight (g) 54.32 55.34 68.40 69.42 4.82 
Change in body weight (g) -72.14d -55.47c -28.70b +18.73a 5.18 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
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Appendix (13) 
Effect of feeding raw, decorticated, decorticated roasted seeds of cowpea  
    (Vigna unguiculata) and enzyme supplementation on layers performance 
(41st – week of age)  
 
Cowpea seeds subject to different treatment 
Parameters Raw 
seeds 
Decort. 
Seeds 
Decort. 
Roasted 
seed 
Raw seeds 
+ 0.25 
enzyme 
+SEM 
Feed intake (g/bird/day) 71.40b 70.57a 79.35a 74.16b 8.21 
Hen-day egg production (%) 30.72d 41.12c 58.25b 69.11a 6.21 
FCR (g feed/g egg weight) 2.97a 2.92a 2.90a 2.85a 0.28 
FCR (kgfeed/kg dozen egg) 3.28a 3.15a 1.51b 1.47b 0.34 
Egg weight (g) 54.14 54.33 68.52 69.21 4.72 
Change in body weight (g) -88.40d -69.18c -42.71b +20.05a 8.31 
Values are means of 6 replicates per treatment  (3 birds/replicate) 
abc Means with different superscripts in the same row were significantly 
different (P< 0.05) 
 
 
